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PREFACE 



The symbol F-1 on authorized emission charts in FCC 
regulations may not mean much to some amateurs. To others 
it is an open door to an entirely different concept of com- 
munications. It signifies a technology which is challenging 
enough for the most learned engineer, yet basically simple 
enough for the greenest neophyte. F-1, along with the symbols 
A-1 and A-2 authoplzes ^mafeur radio-teletype (cothiiietily 
called RTTY) on all bands except 160 meters. 

Teletype is actually the registered trademark of the 
Teletype Corp., the leading manufacturer of teleprinter 
machines. Over the years teletype has come to be a term used 
synonymously with teleprinter, which is the actual descriptive 
name of the machine. 

"Why amateur RTTY," when we have CW, AM and SSB 
available to commiinicate with other amateurs in most 
countries throughout the world. The answer is simple. 
Amateur radio, by international agreement, is designed as a 
service dedicated to furthering communications technology 
all over the world. It is a means of bringing together people 
from all walks of life, all races, and religions who share a 
common interest, i.e., to communicate ideas and thoughts to 
each other. Amateur radio is also dedicated to furthering 
technt6al knowledge of many different means of com- 
munication by encouraging experimenting in these areas. 
This is commonly called advancing the state of the art. 

Amateur radio i.s made up of thousands of hardy in- 
dividuals who are looking for a challenge or project just a little 
tnt more diilScult ^an the aiettey ha've just been involved in. 
These pet^le, al^ough not forsaking the old tried and proven 
ideas and modes of communication, are interested in new and 
different means of communicating. It is these people who look 
to the different areas of amateur activity such as amateur 
tete^ion, facsimile, slow scan TV, FM, narrow band FM, and 
amateur RTTY for their enjoyment. 
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CHAPTER 



Getting Started in RTTY 




For many years, commercial telephone and telegraph com- 
panies have used teletype to transmit and receive printed 
messages from point to point in the U.S. and other countries. 
Teletype is a means of transmitting signals through wires 
from one teletype machine to another. A DC voltage is switch- 
ed on and off in a coded pattern which the receiving 
machine understands and converts to mechanical motion. 
This causes tnp«<&aracters to strike a sheet of paper, thereby 
printing the message in directly readable form (Fig. 1-1) . 

CQ. CQ, CQ 

Amateur radio operators saw the opportwiity to utilize 
another communication media when these madiines GBm» . 
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Fig. M. Model 19 Teletype machine. Tape transmitter is 
on left/ end of line Indicate dfal In center, perforator 
behind dial. 



into use. The first problem they had to overcome was how to 
get the pulsing code signals from one machine to another. 
After trying various methods which worked crudely and only 
at times, these pioneers developed the process now called 
frequency shift Iceying (FSK), or F-1 as termed by the FCC. 

Mark and Space 

The FSK transmitting process is basically this: The 
transmitter is on the air and transmitting steadily at a given 
frequency called the "mark" frequency. When the desired 
character key on the teletype keyboard is depressed, a motor 
driven mechanism produces a switching off and on of a DC 
voltage in a code group assigned to the desired character. This 
voltage then activates an electronic unit which causes the 
transmitter's frequency generating section to shift the 
transmitted frequency very slightly for a period of about 22 
milliseconds. It is this short period of frequency shift, trans- 
mitted in code groups of the proper pattern, that carries the 
teletype signal over the au:. The frequency shift may be any 
value up to 900 Hz as allowed by FCC regulations. The most 
commonly used shift is 850 Hz, although shifts as low as 170 Hz 
and 160 Hz are being used occasionally. Ttiis shifted frequency 
(generating the mark ^^qam^WSsm 850 Wti ft eaaied tlie 
"space" frequency. 

A variation of the FSK which is authorized on high bands 
only (6 meters and up) is .AFSK which means audio frequency 
shift keying. This method utilizes the constant carrier on 
action of either AM or FM; but, instead of a voice signal being 
transmitted, an audio tone of 2125 Hz is generated in an audio 
signal generator and shifted by the teletype machine 850 Hz to 
a tone of 2975 Hz. This audio signal is impressed upon the 
carrier frequency in the same manner that a normal voice 
signal would be transmitted. This system does not involve 
changing of the basic transmitting freqpmB^&s does the FSK 
system. 

Incoming Signals 

The receiving of RTTY signals requires receiving 
equipmoit of reasonable stability and selectivity. The in- 
coming FSK signal is treated the same as a CW signal in that it 

is detected and changed to an audio signal by the bfo control on 
the receiver. The audio output to the speaker is tapped and 
some of this signal is fed to the RTTY converter. The con- 
verter amplifies th^e signals slightly and feeds the complete 



audio signal through two filters which allow only audio tones of 

a certain frequency to pass through them. Usually these two 
audio frequencies are 2125 Hz and 2975 Hz. The bfo on the 
receiver is tuned until the steady audio tone coming from the 
receiver is 2975 Hz (mark frequency). This audio tone will 
pass through the mark filter. The frequency shift of 850 Hz will 
change the audio tone to 2125 Hz (the "space" frequency). 
This tone will pass through the "space" filter on the converter. 
These two audio tones are then amplified further and one or 
the other becomes the triggering pulse for an electronic switch 
which switches the DC voltage off and on in the proper 
sequence to operate the teletype printing mechanism. The 
combination of off -on pulses fed to the printing unit sets up the 
mechanical reaction necessary to print the proper character 
m tte f aper. 

Equipment 

The equipment involved need not be expensive. In fact, by 
using an existing AM-CW transmitter (either crystal or vfo 
controlled) and the station receiver you already have, you can 
be on the air on RTTY for less than the cost of most SSB 
transmitters on the market today. The teletype machine itself 
will probably be the most expensive investment, costing 
anywhere from $20.00 and up. The RTTY converter can be 
either purchased commercially or home built. The cost of this 
unit could run anywhere from $15.00 and up for a home built 
unit, to $200.00 for a commercially built version. The FSK unit 
generally must be designed and built to match wba(eye!r 
transmitter you are planning on using. 

Amateur RTTY is a tremendously fascinating field. It has 
its problems and frustrations just like the other modes; but 
that is the real test of an amateur's dedication to the goal he 
pursues. 

IS RTTY FOR ME? 

There are several questions that are frequently asked by 

the amateur who would like to give RTTY a try: "Is it very 
expensive?" "Is it very technical?" and "How can I get the 
equipment?" 

There has been a great deal written about all three of 
these questions and the answers that stop most amateurs are 
those that begin with "RTTY is expensive but..."' or "a degree 
of technical skill is required..." Many articles that use these 
lines for leads, do more to turn amateurs away £rom RTTY, 
than any other thing. 
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The fact is that "going RTTY" is one of the lowest cost 
layouts that an amateur can own. The average amateur has a 
considerable sum invested in a good commercial transmitter 
and receiver, plus the auxiliary equipment he has acquired. 
These items run as a rule to almost $1,5U0 per amateur station; 
so, if we use this as a yardstick, we find that adding RTTY is a 
rather minor additional expense compared to w^t be Itas 
already invested. 

Let us take the question "Is it expensive?" and se«i joit 
how much it does cost to get on RTTY. 

Is li £xp«i8lye? 

One amateur's first installation consisted of a model 26 
machine and table which cost $30, a home built terminal unit 
(parts taken from his junk box— none too close to schematic 
specifications) which cost, as a result, about S5. If you had to 
purchase most of the parts, it would not be over $30, and the 
FSK circuit made from old spare parts cost nothing. If the 
parts were purchased today, they would cost a couple of 
dollars. 

Quick addition will show then that this amateur went 
RTTY for about $55 plus a httle construction time. Of course, it 
is assumed that the transmitter and receiver are already part 
of the station, so they cannot be counted into the total cost of 
getting on RTTY. 

Model 26 machines are still available from time to time for 
under fifty dollars, and terminal units can also be purchased 
for a very low figure or built from spare parts. The expenses 
involved will depend upon the interest of the individual who 
demands more equipment, as his interest grows. This is true 
of any hobby and should not be used as the basis for tbeveOA^ 
cept that RTTY is "too expensive." 

Is It Very Technical? 

You have a receiver and you have a transmitter, and you 

know how to use both, and you know that this does not require 
a great deal of technical skill. iNow let us apply it to receiving 
and sending RTTY signals. 

First let us look at the receiving side. Besides the receiver, 
you need a terminal unit (converter) and a teletypewriter. 
Since you are familiar with tuning a CW or SSB signal which 
requires your being familiar with bfo adjustment, you should 
have no trouble tuning a RTTY signal which is nothing more 
than a steady carrier, being shifted in frequency 850 Hz, by the 
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transmitting station. This produces a two tone audio signal 
from the receiver output and feeds this to the terminal unit, 
which converts these audio signals into DC pulses which then 
are fed to the machine, operating the selector magnets on the 
machine, producing the printed characters being transmitted. 

If you can connect equipment together in proper sequence, 
you will find nothing complicated about it. AncI, if you Can 
build simple circuits, it will be a cinch. 

Now let us take the transmitting end of the story. A lot will 
depend on the type of transmitter you have, but nearly all can 
be made to operate RTTY with FSK or AFSK. Take, for 
example, an old Navy TCS transmitter. The only thing needed 
was to run three wires from the base of the oscillator tube. One 
went to the cathode and the others were to pick up filament 
voltage for the 12H6 diode used. That is all there was to it. 

The FSK circuit was simple, consisting of a 50,000 ohm 
pot, a 2.5 mh RF choke, two .005 condensers, an octal socket, 
the 12H6 tube, and a small slugged tuned coil form inch in 
diameter, wrapped with 20 turns of No. 22 wire. So you will 
understand that it does not take a radio engineer to do it. 

Feeding this frequency shift keyer, to the cathode of the 
oscillator causes the frequency to be shifted, according to the 
amount of inductance inserted into the oscillator circuit. 

The adjustment of the 50,000 ohm pot in this particular 
circuit governs the amount of shift and should be set up£DF8S0 
Hz. 

That is an ^ere is to it, except to add, tliat the answer to 

"How can I get the equipment?" is to contact any RTTYer 
near you or, better yet, join one of the RTTY societies, who 
will be glad to assist you in getting machines and advice. 

SECURING A FRINTER 

There are estimated to be about 8000 amateur radio 
stations equipped for radioteletype operation. This is probably 
a low estimate. You can tune in on these stations and hear 
them give their call signs on CW after each transmission if you 
check 3620 or 7040 kHz, or 146.70 MHz on 2 meters. 

What is there that makes an amateur go to all the trouble 
(^locatiiig a printer, shelling out the cash, builduig or buying a 
converter, and setting up RTTY shop? Who knows? But here is 
how it is done. 

There was a time when the greatest problem to be solved 
in getting on RTTY was the procurement of the machine. This 
sometimes used to take months. The result of this waiting was 
an ancient Model 12 machine. All of the niachines had to etum^ 
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Fig. 1-2. The Model 26 printer. 



through the operator of W2BFD back in those days, since he 
was the one who set up the only method of liberating them 
from the Bell Company and Weslam Union. Now several 
outlets are %fl»iicii^ and machines are no longer in scarce 

supply. 

AlOClel 12 

There are still a number of the old Model 12 machines 
being used. They are almost indestructible. The main problem 
with them is that they generated more electrical noise than the 
more modern machines. They have six magnets in the typing 
unit and each one requires 300 ma to flip. The polar relay made 
quite a bit of hash interrupting all this current. Good 
bypassing or the substitution of tubes or transistors to operate 
tbB magnets dims tidng^ dowii lo useiQlD^ 

Model 26 

It is much simpler with the later machines though, since 
they use just one magnet and that draws only 60 ma. Hie 
Model 26 (Fig. 1-2) was released when they were found to be 
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unsatisfactory for 24 hours-a-day news operation. They are 
very good for ham work, but are a bit light to leave unattended 
for weeks on end. This model, like the old Model 12, is a page 
printer where the paper moves past a fixed typing unit, like a 
typewriter. The Model 12 has bails that come up and hit the 
page, also like a typewriter. The 26 has a small type wheel that 
spms to the right letter and then strikes it against the paper, 
something like the kiddy ^j^xi^s. 

Model 15 

The Model 15 macliine is the most often seen. It is still 
standard tor most uses. \'ou'll see these at newspapers, radio 
stations, TV stations, offices, etc. They are now being replaced 
with the Model 28. The paper stays still in the 15 and the type 
basket moves baeliiuidforth in front of it, pecking away. 

Model 19 

The Model 19 is a Model 15 printer with a set of tape 
equipment. These are nice, do not pass them up if you get a 
chance to get one reasonably. 

The Model 14 is a strip printer. While page printers are 
more in vogue among ham TT'ers, there is much to be said for 
the strip printer where you can peck away and not worry about 
when you are getting to the end of the line, unless you happen 
to be in contact with a fellow with a page printer, in which case 
you normally do have an end-of-line indicator built into your 
14. Some Model 14's have a tape puncher built in. Very good. 
Once you get to playing with tape you will have even more fun. 

Model 28 

The Model 28 (Fig. 1-3) is the newest printer in general 
use. The price is very high on these and few have found their 
way into amateur hands. They will print at 60, 75, or 100 wpm. 
The paper stays still again and the type box glides back and 
forth in front of it, moving into position and then printing the 
sel^fee4 Ibstter. 

Model 31A 

The Model 31A (Fig. 1-4) is a new portable printer, using 
^32 in. strip paper. It is only 20 pounds and very siBi^. This 
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one also has an end-of-line indicator for use when contacting 
page printers. Most printers require 100 volts DC to operate 
the magnets, this one needs only 26 volts DC. 

You can best solve the problem of locating a machine for 
purchase by contacting your nearest radioteletype society and 
taking their suggestions. The priEiter will probably cost in the 
neighborhood of S75, though you can spend a lot more if you 
wish. Most operators use page printers which print on long 
sheets of 8' --inch wide paper. This paper comes in rolls or in 
cartons fanfolded and is easy and inexpensive to get either 
way. A few operates prefer the strip-type pnnters, but these 
are in the minority. Get a page printer for your first unit (Fig. 
1-5). 

Once you have the printer you will naturally want to sit 
right down and start typing to see how it works. You have to 
supply 100 volts DC to it in order to get any action. Most 
machines have several cables coming out with phone-jack 
plugs on the end. Hook the 110 volts DC between the plug tips. 
Plug in the AC cord, also. 

Next, you will want to start trying to copy some of the 
RTTY signals coming in over the air. This takes a little more 
preparation. To accomplish this you have to turn the "beedle- 
beedle" signals coming out of the receiver into DC pulses. 
Wsm file converter or terminal unit becomes necessary. But 
all this in due course. Before we proceed, let us diset^ 
something of the development of these devices. 

THE EARLY DAYS OF RTTY 

In the beginning of amateur RTTY, there was only one 
type of converter; this was the W2BFD unit, which consisted 
m tmo stages ef tuned audio sx&pW^&Wm, a rectifier to 
diange this to DC, a DC amplifier, aind a piEliteSized relay. The 
early days of RTTY were spent up on two meters, since that 
was about the only band where any type of frequency shift 
keying was permitted. A few tried the old eleven meter band 
and experimented witi) straight frequency shift keying as well 
as the more popular audio frequency shift keying (.AFSK). 
After a long battle, the FCC granted permission to use FSK on 
the lower ham CW bands. This was when RTTY came of age. 

John Williams, W2BFD (Fig. 1-6), who was largely 
responsible for getting amateur RTTY started chose the 
commercial standards of 2125 and 2975 Hz for the two audio 
tones to be used. His amplifiers were tuned to these 
frequencies. Note that the two are 850 Hz apart. A lot of 
thought and design went into that original choice and it is still 
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Fig. 1-5. Teletypewriter set AN-FGC-20. This 
Kleinschrriidt prtn^ Ts maele fior the Arnfied Ftroes. 



the standard tleaiiiii^ eorie H$i98 la of laajoy attempts to 
improve on it 

FREQUENCY SHIFT KEYING 

A lot of experimenters down through the years have tried 
many systems of sending RTTY via radio, and every time they 
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decide that frequency shift keying (FSK) is the best method. 
In the early days of RTTY, just after WWII, FSK was not 
permitted on tlie lower frequencies with the result that few TT 

stations operated on these bands. It was actually possible to 
send RTTY signals with make-break (CW) keying, but the 
received signal had to be strong and clear of interference to 
give perfect copy. With FSK it is possible to demonstrate 
perfect copy with a signal that is not audible to the ear. 

FSK, or F-1, emission consists of sending a continuous 
carrier and letting the keying shift it in frequency rather than 
turn it on and off. The frequency shift that we have accepted as 
standard is 850 Hz. If you tune zero-beat with any RTTY 
station you will hear an 850 Hz note from the other frequency 
he is sending. 

Transmttfing 

Most amateur stations remotely key a small capacity 
across the vfo circuit to change it by the desired 850 Hz. This is 
very simple to do. It is also simple to adjust the amount Qi 




frequency shift by means of a small potentiometer. On the VH- 
F bands we normally use audio frequency shift keying (AF- 
SK), generating the 2125- and 2975-Hz tone and switching 

between them or varying an audio oscillator between the two 
tones. This audio is then fed to the transmitter, and we have a 
system which is very tolerant of radio-frequency instability. 
This was of particular value back in the 1940's and 50's when it 
was difficult to achieve the stability needed for VHF FSK 
transmission. Most of the early RTTY'ers used surplus SCR- 
522 transceivers which would receive any RTTY station within 
20 to 50 kHz of the dhaiinel selected. 

AFSK has its place in the scheme of things. A well tuned 
sideband transmitter can be fed the audio shift signal and it 
will trimsmit pure FSK. You can get into trouble if the un- 
wanted sideband is not ^sufficiently rejected. The FCC sends 
notes if they catch you^th tWd FISK^a^^^ at ouee. 

The Teletype Code 

Some sort of signal has to be sent from a keyboard to a 
typing unit. If you count the number of keys on the keyboard 
you will see that there are thirty-two (don't forget the space 
bar). A short eonsultatfon with binary arithmetic will show 
you that we will need a minimum of five pulses to give us 32 
characters. You can count it out like this: 2-4-8-16-32. 

Each time you press a key on the keyboard you ariSi 
selecting a specific group of the five units of the code which we 
will turn into pulses. The letter A is coded 1-2, the letter R is 2- 
4, etc. If you take a close look at the bottom of a keyboard you 
will see that the lever attached to key A has notches at 
positions one and two and no notches at 3-4-5. If you follow the 
mechanism further you will see that the notches cause levers 
to operate which lock into place on the distributor. (Fig. 1-7) 

The distributor takes the units which are selected by the 
keys (all are selected simultaneously when you press the key) 
and spreads this information out into time sequences. The 
distributor acts as a five-position switch, with each position 
connected to one of the levers. The motor on the printer turns 
the d^tributor at a fixed speed (the same speed as all other 
printers in the country.. .you hope). When you press the letter 
A and levers one and two are lockea into place, this releases 
the distributor for one revolution and sends pulses out during 
the first two fifths of the cycle. A sixth pulse is added to this in 
order to synchronize the typing unit distributor or receiving 
distributor as it is called. Thus both are spinning at the same 
tune and when the transmitting distributor is connected to the 
fiirst code segment the receiver will be likewise. 
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One more pulse is added to the six we've described; th£|' 
one comes at the end and tells the typing unit that it is now 
time to print the selected letter. The first six pulses are each 22 
msec long, and the seventh "print" pulse is a little longer, 31 
msec. This spare time makes sure that all distributors in the 
circuit have time to make a complete revolution and come to a 
halt before the next character can be sent. If you add up all the 
time involved it comes out to 163 msec per letter, whiich limits 
us to about 60 words per minute. This is a pretty good clip and 
will Iceep a good typist hopping. Unfortunately, most RT- 
TY'ers are not good typists and the average speed of hand 
typing is probably about half the capability of the system. 

Once we have our pulses all in time sequence we can send 
them over one pair of wires, or via radio. The first (starting) 
pulse is always a mark, which means that no current flows; 
the next five pulses depend on the letter to be sent. In the case 
of A we are sending space-space-mark-mark-mark, which 
means ttiat current flows during the first two selection pulses, 
and not during the last tloieei Wm sev@atti pulse ii always a 
space pulse. 

Two Frequencies 

Since we use two different frequencies when we transmit 
RTTY signals over the air, it is convenient for discussion 
purposes to assign a name to them. These two frequencies 
correspond to the current flowing or not-flowing conditions of 
flie printer. For standardization we use the upper frequency as 
the mark channel and the lower is the space channel. This 
applies only to FSK, We do it just the reverse for AFSK, with 
the mark signal being 2125 Hz and the space 29"^ Hz; "Hie 
reason is that the station receiver turns the frequencies upside 
down for us and even though we send the mark as the higher 
frequency signal, by the time we have changed them back to 
audio tones it is the lower. You may not care which is which 
and just want to operate. 

Suppose you want to tune up on the 80 meter RTTY 
channel. What frequency should you use? Well, the official 
channel is 3620 kHz. If you are going to use a frequency meter 
to tune your vfo you have to know what goes where. In this 
case, you would send a mark signal and tune the vfo to 3620 
kHz. This would make the space signal 3619.150 kHz, 

l^nt^g in RTTY Signals 

When you are first trying out your printer and converter, 
it is a good idea to test it on one of the ham bands. Though 
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there are many RTTY signals floating around the commercial 
bands, there are a lot that sound similar to RTTY and still will 
not give you any copy. You know the ham signals will print if 
everything is working. 

On the initial tuneup, it is best to turn off the bfo and tune 
first for maximum signal strength. Tiiis makes sure that the 
irignal is in the passband. Then turn on the bfo and tune until 
the tones are about 2000 and 3000 Hz. A tuning monitor will 
greatly expedite this process, but it can be done without. As 
you hit the right frequencies the converter will start to work 
and the polar relay will start to click in time with the signals. 
Now, when you turn on the printer, it should print. If it gives 
out with gibberish you probably have the bfo tuned to the 
wrong side of the channel. You can either retune to the other 
side or, if you have a reversing switching on your converter, 
flick it. This should result in recognizable words. You still may 
have some difficulty with noise from the printer, but you'll;]^ 
get some copy. From there on you can refine the system. 

Toning InAcators 

It is fairly difficult to tune in an RTTY signal just by ear. 
Even after years of practice few amateurs can tell 2125 Hz 
when they hear it. The best way to know when the receiver is 
tuned right is to put an indicator of some sort near the receiver 
which will tell you how you are doing. The earliest system was 
two 6E5 magic-eye tubes connected to show maximum output 
of the two tuned audio amplifiers. This is still an excellent 
system. A scope tube is a little more complex to install, but is 
perhaps a bit more impressive. In this case, you connect the 
tuned amplifier outputs to the deflection plates. This indicates 
the mark signal as a horizontal line and tl^e ^ace signal as a 
vertical line. You then tune the receiver until the two crossed 
lines are equal in length and turn on the printer. 

RTTY Converters 

There are two fundamentally different types of receiving 
converters. One acts lilce an FM discriminator and operates at 
the receiver intermediate frequency. The complexity of these 
converters has kept them from gaining much acceptance in 
ham circles. Also they have little to offer over the simpler 
audio types. The audio converter or terminal unit (TU) is 
designed to separate the standard tones of 2125 and 2975 Hz 
and cause a polar nday to be Ofittated or a flip-flop circuit to 
be actuated. 
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Let's take the converter step-by-^ep and see what it is all 
about. First we have to set about separating the two audio 
tones. This is done by feeding the audio signal from the 
receiver into two separate audio amplifiers, both of wliich 
have sharply tuned circuits which allow only our desired 
frequencies to pass. The output of these tuned amplifiers is 
then rectified to DC. Thus, when a signal is fed to the two 
amplifiers, the output from each will be about equal until 
either 2125 or 2975 Hz is fed in, at which time one selective 
amplifier will have a high output and the other very little. This 
gives a high DC voltage from one and a small one from the 
other. Next we amplify that DC voltage so it can operate a 
relay or key printer magnets. 

Refinements can then be added such as a bandpass filter 
on the input to cut down everything below 2000 Hz and 
everything above 3000 Hz. This keeps very loud tones other 
than the RTTY signals from confusing your converter. 
WSttidut the input bandpass filter you can get soiite difficulty 
from the strong heterodynes. 

Many tuned circuits have been evolved for the selective 
amplifier.s. These started out back in 1947 with modified AC- 
DC speaker output transformers, then the FL-8 and FL-5 
surplus units became popular, then TV width coils. Now most 
converters use the 88-Hih toroid coils which are available on 
the surplus market. 

Those of you who are in the process of builduig your RTTY 
station from scratch would probably do best to use the newest 
design. This has the advantages of using an inexpensive 
printed circuit board, using compact transistors, and the 
circuitry utilizes everything that has been learned from past 
experiences with other circuits. 
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Basic Principles of RTTY 



l%ie number of radio amateurs using teleprinters on the air is 
increasing at a great rate. Eacli of these new amateurs is 
faced with many technical problems which must be solved. 
Some are fortunate enough to live near an already established 
amateur teleprinter station. For those not so fortunate, there 
has been a great need for down-to-earth information on the 
maimer in wliich one goes about entering the ranks of the 
current operators. 

TYPES OF MACHINES 

There are many different types of teleprinter machines, 
manufactured by different companies. Many of the ones 
available to hams have been manufactured by the Teletype 
Corporation. For example, the models 12, 15, and 19 (Fig. 2-1) 
are frequently found in amateur drdes. Many people who 



Fig. 2-1. Model 19, shown here with covers removed. 
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alter into RTTY select the model 19 because it offers 
Jlexibility at a reasonable cost. The flexibility results from the 
tape equipment which is an integral part of the model 19 while 
the cost is moderate because of the machine's age. (One can 
purchase a model 19, pre-tested and shipped to the door, for 
approximately S150.00.) Other models, such as the Model 15, 
which does not include tape equipment, can be acquired for 
considerably less. On the other hand, for those who can afford 
&m Baest, Modd 28 ntftehines are available. 

TAPE EQcndPiisitft 

When we speak of tape we are referring to the 5-channel 
paper tape that can be used to store information for later use. 
Information can be placed into paper tape using a paper tape 
punch. The information is then saved until it is read by a paper 
tape reader. The information contained on the tape can be 
alphabetic, numeric, and-or control. By control information, 
we mean information capable of performing such functions as 
ringing a signal bell, advancing the paper in the typer, or 
returning the typing unit to begin a new line. All of this in- 
formation is stored on the tape in the form of punched holes 
which by their position and number indicate the particular 
diaracter of interest. 

Tape equipment is popular in the RTTY field, because it 
cables one to prepare messages ahead of time and to send 
them automatically when desired. This is accomplished by 
punching the messages into paper tape and then later reading 
them with a paper tape reader at a high speed (approximately 
60 wpm). Many amateurs enjoy calling CQ by using tape 
equipment to send out the signals which, when received, 
generate the normal type of CO format, i.e., CQ CQ CQ DE 
WAOOBJ K K K. The tape equipment thus represents a way of 
transmitting from a teleprinter machine without actually 
doing the typi^ lit Wmff 0i transmission. 

The Model 19 

The Model 19 can be thought of as having six essential 

1. A Model 15 page printer 

2. A keyboard capable of transmission to an oiitl^^' cir- 
cuit, a paper tape punch, or both simultaneously 

3. A paper tape punch 

4. A paper tape reader and transmitter 



5. A sturdy table containing poweFljisMbution connectors 

6. A suitable DC power supply 

The above six parts, when properly connected, enable the 

operator to perform the following functions: 

1. Receive incoming messages on the page printer 

2'. Prepare paper tapes while receiving incoming 

messages 

3. Prepare paper tapes wMej^uItaneoudy transmltfj^ 
directly from the keyboard 

4. Transmit from the keyboard to external circuits (while 
transmitting, the information can be printed on the prints Qr 
can be transmitted "blind") 

5. Transmit from the paper tape reader 

6. Receive on the printer while transmitting with either 
fhe keyboard or tape transmitter. 

Function 6 is especially interesting for it enables cnae to 
operate in a simulcast mode. 

HOW THE MACHINES WORK 

The teleprinter is activated by releasing the printing 
mechanism. This is accomplished by deenergizing the selector 
magnets. In the Model 19, the selector magnets are located on 
the left-hand side of the machine. With the printer motor 
running, the printer unit is maintained inactive as long as the 
printer magnets are energized. When current ceases to flow, 
the magnets release. If the current is interrupted according to 
the m&ype code, the printer will be aeflvated and the ap- 
propriate character will be printed. 

The selector magnets can be wired in series or parallel. In 
general, they are wired in parallel. The magnets are energized 
with direct current— 60 ma being requured for proper 
operation when wired in parallel. The Model 19 is generally 
supplied with an appropriate pwwer supply which will furnish 
the current necessary for the selector magnets and also the 
tape punch and tape reader. The supply is in general capable 
of supplying 120 volts at 800 ma (1200 ma intermittent) and 
may carry a Western Electric identification of KS-5928. The 
resistance of the selector magnets is low and a series current 
Umiting resistor is required when using the 120-volt supply. Do 
not attempt to operate the unit without the series resistor. The 
magnets will overheat in a few minutes time and will bum out 
shortly thereafter. A variable resistor is desirable so that the 
current can be adjusted when the unit is periodically serviced. 
A suitable resistor would be a 2500-ohm unit rated at 20 watts. 
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The selector magnets lin.not have to be operated with a 
high voltage DC supply. Low voltage supplies will work quite 
well and reduce the danger associated with the higher 
voltages. The main advantage of using high voltage is the self- 
cleaning of contacts which takes place due to the slight arcing. 

A Local Loop 

In teleprinter installations, a closed circuit is referred to 
as a loop. Thus a local loop is a closed circuit which en- 
compasses equipment in your local area, i.e., only your 
machine. A local loop could consist of a printer and a keyboard 
or a printer and a paper tape reader. 1^ set up a local loop with 
your Model 19, you will have to locate the leads connecting to 
the selector magnets, the keyboard, and the paper tape 
reader-transmitter. Details on how to locate ttese leads will 
be presented later in our discussion. 

The inter-wiring required for successful operation can be 
greatly simplified by thinking of the units performing like Qxe 
following components: 

Printer: An electromagnet which is normally energized. 
Keyboard: A SP.ST switch which is normally closed. 
Tape Reader-Transmitter: A SPST switch which is nor- 
mally closed. 

With the above understanding of the units, we can im- 
mediately wire a local loop containing the keyboard and 
printer. The loop would be a series circuit containing the 
following elements: 

1. The keyboard SPST switch 

2. The printer's electromagnet 

3. A current control resistor 

4. A source of direct current 

Such a circuit is shown in Fig. 2-2. Since the keyboard 
switch is normally closed, a current will flow through the 
selector magnets keeping them energized with an amount of 
current governed by the setting of the current control resistor. 
When a key on the keyboard is depressed, the normally closed 
contacts will he interrupted momentarily. This will cause the 
selector magnet to de-energize and thus activate the printing 
mechanism. Note that the circuit is not simply opened and 
then closed again. The actual interruption may consist of 
several openings and closings— the number and spacing 
depending upon the character behjg sent by the keyboard. 
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Fig. 2-2. With the local loop shown here, the Teletype 
operator can type on the keyboard and activate the 
printer for prinflnig. 



With this simple local loop, one can type on the keyboard 

and have the characters displayed on the printed page by the 
printer. Now observe that the tape transmitter is simply 
another normally closed switch. If the above loop is opened 
and the tape transmitter inserted, we would have a new loop in 
which the printer could receive from either the keyboard or 
the tape transmitter. Just as depressing a key on the keyboard 
causes the circuit to be interrupted momentarily, so passing 
tape^niugh the tape reader causes the saisie^&ing to happen. 
&ich a loop is shown in Fig. 2-3. 
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Fig. 2-3. With this local loop arrangement the printer will 
print from either the keyboard or the tape reader. 
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GREEN 
RED 

Fig. 2-4. Color coding of the switching jacks found in the 
Model 19. With the plug inserted, connections are made to 

Unit Wiring 

Although you will find publications showing a wiring 
diagram for the Model 19, this does not necessarily mean that 
your Model 19 will be wired exactly as shown. At first this 
sounds as though it would pose great problems. However, a 
few minutes spent exploring the machine with an ohnutteler 
will pretty well identify the necessary wires. 

In general, you will find two wires coming from the printer 
which are terminated with phone plugs. One will be red and 
the other will be black. It is these wires which you will want to 
examine with an ohmmeter. Sometimes one is the keyboard 
while the other is the selector magnet. Other times, the two 
centers of the plugs are the one unit while the two outsides are 
the other. You will have to study your machine to determine 
exactly how it is connected. 

Bwitchmg jacks are provided for the phone plugs. These 
jacks are mounted in the Model 19's table along with the 
various power connectors. Fig. 2-4 shows how the jacks are 
wired and color-coded. 

Assuming that you are using the standard Western 
Electric KS-5928 power supply, the power connections are 
straight-forward. On the back of the tabic, you will find 
various sockets that will accept only special keyed plugs. 
These plugs are eoatained oneiQier flie power siijp|iy vmft or 
the printer. 

The power from the incoming line is supplied to the power 
supply by the toggle switch located under the table top (left 
hand side). This switch represents the main power switch for 
the entire teleprinter machine. The printer's motor is con- 
trolled by the on-off switch located on the front of the printer. 
Some units also have a switch to control the AC to the tape 
reader's motor. If your machines ^ fiothailfe Stieh « Jiwttcb 
one should be installed. 




Provision is made for mounting a switch in the box con- 
taining the general power switch mentioned above. If your 
Model 19 does not have the switch for controlling the tape 
reader's motor, you will find that one wire comes into the 
switch box, loops around, and then goes back out. The new 
switch should bie inserted in this loop. 

The on-off switch mounted on the front of the tape reader- 
transmitter is not a power switch controlling the AC drive 
motor. The switch is connected in series with a solenoid used 
to maintain the transmitter inactive. If you lift off the cover of 
the transmitter, you will find a large solenoid located near the 
front, on the left hand side of the unit. If this solenoid is 
oiergized, the motor will turn the vertical sliafl: and "read and 
transmit" the information contained on paper tape. Thus to 
send from tape, two sources of power must be connected to the 
(ape reader— the AC power to the motor and the DC to the 
control solenoid. The DC for this solenoid is distributed via the 
priiitei^s intermit switches (see next section). 

Inter-Unit Operation 

There are several modes of inter-unit operation possible 
with the Model 19. We indicated before that one must identify 
the leads coming from the keyboard and selector magnet. We 
implied that they were directly connected. Actually, there are 
switches installed in these lines. You will find three switches 
on the front of the printer. The one on the far right is the "on- 
off" switch for the printer motor. The motor must be turned on 
to eitiier receive witii the printer or to transmit with the 
keyboard. It does not have to be on to punch tape (blind 
punching) . Now observe the switch on the left hand side of the 
printer. This switch is connected in series and in parallel with 
the keyboard. In the "send" position the keyboard is con- 
nected to the out-going wires. In the receive position, the 
keyboard is shorted (bypassed). In the "break" position the 
keyboard circuit is opened. The remaining switch, located 
slightly left of the printer motor power switch, selects the 
mode of transmission that will take place from the keyboard. 
Thus, if in the KEYBOARD position, transmission will take 
place from the keyboard to the outgoing lines. In the 
KEYBOARD AND TAPE position, transmission goes to the 
outgoing line and the information being typed is 
simultaneously punched into paper tape. When placed in the 
TAPE positon, the keyboard will punch tape but will not 
transmit to the out-going line. In this.ffiOde <^ operation, the 
printer motor need not be running. 
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We should now note s<Hne interactions which take place 
between the paper tape readt^-transmitter and the above 
mentioned switches. If you want to send something, whether it 

be from tape or the keyboard, the send-rec-break switch must 
be in the SEND position. Furthermore, if you want to send 
from paper tape, the keyboard-kbd & tape-tape switch must be 
in the KBD TAPE or TAPE position. Also, when transmitting 
tape, remember to turn the solenoid switch to on. Note: Some 
tape transmitters have other switches connected in series with 
the solenoid switch. These include switches to stop trans- 
mt^ion if thereis no tape U1ilBmie0s^^ M$, 

OPERATING 

Up until now, we have concerned ourselves with the 

machines used to send and receive teletype. But we have not 
talked about applications involving anything other than a local 
loop. Certainly the fascination of typing on an over-sized 
typewriter will wear off quickly. Let us then pursue the 
reception of teletype signals and the manner bUtrhftSi fiiey cati 
be used to activate a teleprinter machine. 

You will recall that we said the printer was activated by 
interrupting the flow of current through the selector magnets. 
It then follows that if we could get the receiver to interrupt the 
flow of loop current in step with the intelligence being 
received, we would have a setup capable of receiving teletype 
signals and converting them into the printed word. If the 
teletype signals were transmitted in a make-and-break 
fashion, we could, for example, rectify the receiver audio 
output and apply it to a normally open relay (so long as the 
signal was present, the relay would be energized and the 
contact would be kept closed) . Thus when the audio ceased, 
the relay would open the loop to the printer and de-energize the 
selector magnets and printing would take place. Such a cir- 
cuit, although lacking many desirable characteristics, can 
and in^@9d is meA by some amateurs. 

Modes ot Operation 

In general, two types of teletype transmission are em- 
ployed by amateurs: frequency shift keying (FSK) and audio 
frequency shift keying (AFSK). Frequency shift keying is 

accomplished by adding and subtracting a small amount of 
capacitance at the cathode of the transmitter's vfo. The ad- 
dition and subtraction are done in step with the conditions 
existing in the local loop. The addition or subtraction of 
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capacitance to the cathode of the vfo causes it to shift its 
frequency of oscillation. Thus, if current is flowing through the 
selector magnets, one frequency is transmitted. If current is 
not flowing, the alternate frequency is transmitted. Thus the 
condMeoi dds^ig In the loop is constantly indicated by the 
frequency befe^ fransmitted. In audio shift keying, the same 
theory applies except two audio notes are transmitted to in- 
dicate the conditions existing in the loop. This is accomplished 
by switching the transmitter's audio input from one audio 
oscillator's output to that of another. 

The devices used to convert the received teletype signal 
into pulses capable of operating the printer magnets are called 
converters or terminal units. There are many different unit 
circuits available and the literature abounds with information 
about them. Some converters process the audio output of the 
receiver while others process the signal existing in the IF 
section of the receiver. The output of the converter amounts to 
a switch which is lAtber open or closed. As soon as you 
recognize this fact, you should realize that the converter is 
very similar to the keyboard or tape transmitter so far as its 
function as a circuit element. Since the converter output is just 
another SPST switch, we can set up another series loop con- 
taining the converter's switch, the selector magnets, the 
series limiting resistor, and a source of direct current. (See 
Fig. 2-5.) As the receiver's output changes in step with the 
intidligenee Ntng transinl^ied, tie converter's '8M4tdi will 



Fig. 2-5. Installing of the RTTY converter in the local loop 
to energize the printer from received RTTY signals. 
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Fig. 2-6. The AAalnliner frequency shift Iceying circuit. The 
resistor RS is adjusted for 60 ma through the selector 

magnets. 



open and close and thus set up current changes in the 
receiving loop identical to those existing at the transmitting 
station. 

To keep the converter from responding to signals other 
than the one desired, it is equipped with various filters which 
are designed to reject the unwanted frequencies. 

To summarize, transmitting involves converting the 
make-and-brealc in the local loop into either a shift in trans- 
mitter carrier frequency or a change in the audio note 
transmitted. Receiving involves converthig the change in the 
audio frequency received (audio type converters) into a make- 
and-break signal for the receiving loop. (Note that in receiving 
FSK, the receiver's bfo is turned on and beat with the in- 
coming s^nal just as in receiving CW signals.) 

Shift €3Ei^ts for FSK Operation 

Various shift circuits are available. One very flexible 

circuit is that called the Main-liner. This circuit uses a small 
diode in a diode switching circuit to add or subtract the 
capacitance to the vfo cathode. The circuit is shown in Fig. 2-6. 
The Model 19's power supply can be used to power the circuit. 

The circuit's operation centers around the voltage drops 
appearing across the various resistors. With the loop closed, a 
voltage of a given polarity exists across the diode. Opening the 



loop (sending a character with the keyboard or tape) causes 
the polarity across the diode to reverse. As the polarity 
changes, the diode either conducts or does not conduct. Thus 
the diode either shorts the capacitance applied to the cathode 
to ground (thus connectiiig it into the circuit) or disconnects 
the c^citance by allowing the one lead to float 

Station Setups 

Every amateur teletype station is set up differently. A 

typical setup is shown in Fig. 2-7. Once the basic principles are 
understood, one can design any configuration desired. 
Although teleprinter machines may vary in detail, the oasic 
principles are all the same. An understanding of the manner in 
which the machines operate, coupled with the electrical 
competence required for the general class license, should 
enable the interested amateur to install and successfully 
qi^rate an amateur radio teletype ^jS^oit. 



FROM TELEGRAPHY TO RTTY 



The first electrical communications technique was 
telegraphy. Samuel F. B. Morse is generally credited with the 
invention of telegraphy, although, like Marconi in the case of 
radio, Morse's major contribution was to gather a number of 
^coveries made by otheat^ into a working system and 
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promote it to the world. The familiar hand l^ey was, for several 
decades, the only means of originating any electrical coiOr 
munication. 

As the years passed, a number of inventors attacked the 
problems imposed by the hand key and its requirement for an 
^Mtor who knew the telegraphic code. Eventually, Joy 
Morton and Charles L. Krum developed a machine which was 
able to bypass the operator requirements. It was, essentially, 
a cross between a typewriter and a telegraph system. In 1915, 
the Associated Press adopted the Morkrum machine. 

Meanwhile, Edward KleinschmMt ihdependently came up 
with a machine to perform the same purpose. In 1925, the 
Morkrum and Kleinschmidt companies merged, and five 
years later AT&T bought the firm. The machine was named 
Teletype by blending the prefixes of telegraph and typewriter, 
and the firm was named the Teletype Corporation. The word 
"Teletype" is, incidentally, still a registered trademark of the 
Teletype Corporation and cannot legally be used to refer to 
any other make of teleprinter equipment. Its common ab- 
breviation. TTY, is not a trademark and can be used as a 
general term. 

TTY machines were designed with the requirements of 
land-line telegraphy in mind, but during World War II it 
became apparent that faiUl) transmission could replace the 
land-lines with little change in techniques— and RTTY (radio 

TTY) was born. 

Growth of Amateur RTTY 

Amateur RTTY got its start in 1946 when a number of 
hams on both coasts, in a parallel but apparently unconnected 
ae^^on, pior'suaded several companies to release obsolete 
machines to ham use instead of smashing them for junk. 

Today, TTY equipment has many uses besides the original 
land-line telegraphic application, and as a result machines are 
not too difficult to locate. For instance, TTY equipment is 
widely used in the distal computer industry (where the 
machine is known as a remote terminal) and a number of 
firms started producing machines for this purpose which had 
never participated in the telegraph-communications use. 

The principle upon which TTY operates is similar to that 
of normal CW transmission, with one major difference. Where 
CW makes use of five different kinds of signals— dits, dahs, 
and three lengths of spaces to indicate in-the-character space, 
word space, and sentence space— TTY uses only two. The two 
kinds of signals used by TTY are called "mark" and "space" 
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and may be rc|)resented in several different ways. The ad- 
vantage gaincHcl hy using only two kinds of signals is that a 
miich^caHtfteniktei^k flie s^ a minimum of logic 

or decision-making drcaiits; conventional CW with its one-unit 
dit, three-unit dah, and one-, three-, and five-unit spaces would 
require much more interpretation to decode. This is simple for 
humans, but most complicated for a machine to perform 
(iiatlidtigh mac^ites ha^e faeda built to do so}. 

Several Codes 

Because of the differences in the kinds of signals used, 
TTY equipment does not employ the International Morse 

Code. Instead, it uses one of several other codes which assign 
characters to combinations of the mark and space signals. 
Amateur and most commercial equipment uses the In- 
ternational Five-Unit Code, but equipment designed for use 
with computers is more likely to employ the American 
Standard Code for Interchange of Information or a different 
code originally introduced by the Friden Company for its 
Flexowriter equipaeot. 

Use of Codes 

Regardless of the code used, the signals sent and received 
by a TTY machine consist of groupings of mark and space 
^gnals. At the machine itself, mark is usually represented by 
the presence of current in the line, and space by the absence of 
current, so that they can be thought of as on and off conditions. 
This same representation can be used in the circuit from one 
machine to another, and the result is known as make and 
break keying. Ordinary CW is sent by make and break keying, 
for instance. For the machines, however, the use of make and 
lirc^ keying makes it impossible to distinguish an extended 
space condition from a circuit failure and re.'^ulting total loss 
of signal— and so other representations are usually employed 
instead. 

The most common teciinique used to represent mark and 
space conditions in RTTY Is to use two radio frequencies 

rather than just one. One frequency represents mark and the 
other is space. Now a loss of signal can be recognized by the 
absence of both the mark and the space signals, while an 
extended space condition is signaled by the presence of the 
space signal. 

The two frequencies are usually very close together. The 
difference between the mark frequency and the space 
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Fig. 2-8. This waveform shows the appearance of the 
character B as transmitted in the asynchronous serial 
RTTY code. While code contains only five units, character 
as sent includes seven. Every character has a space start 
unit/ and a mark stop, unit, in addition to the five units 
which carry character's meaning. All bits except stop bit 
are equal length, 22 msec at 60 wpm speed. Stop bit is 
longer, 31 msec at 60 wpm, to pad out to transmission rate 
and allow ttrnefer squipnrient to stop between characters. 

frequency is known as the shift, and the normal shift is only 850 
Hz. This tends to minimize fading because the two signals will 
fade together. Narrow-shift is also used, with a shift of as little 
as ISO Hz, to minimize faduig Elects still i»ofe. iliK leiii 
than 900 Hz is legal for use. 

It makes no difference which of the two frequencies is 
used for mark and which for space, but common ham practice 
is to use the higher of the two frequencies for mark. In case 
one station chooses to reverse this, all tKe oflier station needs 
do is to reverse the polarity in his receiver— which may be 
done by merely tuning to the other side of zero beat. The 
situation is exactly the same as the choice betwetni t^pc^ and 
lowi^ sidebands in SSB ofieration. 

The Intematf onal Five-Unit Code 

In TTY work, again regardless of the actual code used 
(and for the rest of our discussion we will assume that the 
International Five-Unit Code is the one to be used, since it is 

the one required for ham RTTY by FCC regulations), each 
character begins with a start signal and ends with a stop 
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signal. This makes the total cIlliEgteter length Witb^ 
code actually seven units. 

The start signal is always a space and the stop is always a 
mark. These two signals establish timing synchronization 
between the transmi^ng machine and tiie deceiving machuie, 
and thus make it posi^Mot ^«iiiMervaiing codesigli^ to be 
decoded. 

When no character is being transmitted, a steady mark 
signal is sent. The space condition produced by the start 
portion of a character then starts the machine's decoding 
mechanism. The decoding mechanism sorts out the next five 
signal conditions to determine what character is being sent, 
and stops. The stop portion of the character simply provides 
enough time for the decoder to come to rest before aapllier 
character can be sent. 

Normal speed for amateur RTTY equipment is 60 wpm. At 
this speed, each part of a single character (except for the stop) 
lasti for 22 milliseconds. The stop is half again longer, of ^ 
msec, fur a total character duration of 163 msec. 

A TTY machine has the appearance of a typewriter, its 
major parts so far as the operator is ooncemed are the 
keyl>oard and the printer. 



Keyboard Action 

When a key on the keyboard is pressed, it sets up in some 
type of memory device the actual code to be transmitted. This 
memory device may be either mechanical or electronic. The 
machines in general usage all employ mechanical memory; 
pressing a key pushes down a notched lever, which then lat- 
ches in the down position. Each key has a different lever, and 
the notches on each lever correspond to the space portions of 
the character for that key. All these notched levers rest on top 
of and across another set of five levers , so that when a notched 
lever is latched down ftpushes down any of the second group of 
levers which do not have notches above them, and leaves tip 
any of the second group which are matched by notches. 

This second group of levers operates a set of five contacts, 
one for each unit of the character code. A motor-driven 
<fistributor then wipes a selector brush across the five contacts 
in turn (tiie start bit of the character is built into the selector 
mechanism, as it is the stop bit at the end). If the contact lever 
for any one unit is up, a space is sent when the selector brush 
wipes across that contact; if the contact level is down, a mark 
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is sent. When the selector brush leaves the last contact, the 
(Ustributor motor stops and the keyboard is unlatched in 
i/tt^mWm U» 1M tttxt iisttai'aiqiar to 1m sent. 

Printer Action 

We have seen how the operator's pressure on any one key 
is translated into the code pattern to be transmitted to 
represent that character. The reverse o|)eration, translation 
of a received code pattern iti'to a eharael^ to be printed, is 
accomplished in much the same way by the printer. However, 
tlie printers of the various models of TTY machines are the 
areas in which the most drastic differences occur. 

The explanation of printer action wliich follows is based on 
the action of ttie Teletype Model 12 machine, which is now 
obsolete. More recent machines operate in substantially 
different ways, but the Model 12 's operation serves to explain 
the basic idea without complicating the description with the 
complexities of single-magnet operation. 

The received signal is applied to the printer as a make- 
and-break keyed current, witii mark represented by the 
presence of current and space represented by its absence. In 
the absence of any received signal, mark condition exists and 
cmxent is flowing through the printer line. 

In the printer, this current flows through a latch relay and 
six selector magnets. So long as current flows through the 
latch relay, the printer is inactive. 

pisifitlbttt&r Operatfon 

When a cliaracter appears, its arrival is indicated by its 
start bit which is a space condition. This drops out the latch 
relay and permits the drive motor to turn the receiving 
distributor through one revolution. 

As the receiving distributor rotates, it connects each of the 
six selector magnets, in turn, to the signal line at 22 msec 
mtervals. Each selector magnetis^ther tripped or unafftecfed 
by the signal line; if the line condition is mark when the 
selector is connected to the hne, the magnet is tripped, and if 
the line condition is space nothing happens. 

The first five selector magnets control notched levers, 
which, in the tripped position, block movement of the key 
levers that do the actual printing. When all five of these not- 
ched levers have been tripped, only one key lever can match 
the notches in all of them. Every other key KeVOf ldll lllil to 
match a notch in at least one of the code levers. 
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Printer Motor Action 

The sixth selector magnet, whidl is tripped by the stop bit, 
permits the printer motor to drive the key-lever mechanism 
and print the one character which matches. After the printing, 
the entire mechanism is reset to its initial conditions and the 
receiving distributor stops, ready to start again which the next 
start bit arrives. 

In later machines, only a single selector magnet is used 
and its mechanical action is routed to the appropriate points 
for each bit by a cam which sets up toggle action at the proper 
time. Some machines do not use key levers; instead, they 
(X)sition a type bo.\ in front of a hammer so that the selected 
character will be printed when the hammer strikes. 

Non-Printing Characters 

Not all characters in a TTY machine cause printing. 
Some, such as "carriage return," "line feed," "letters," and 
"figures" catise mechaUcal a^Sm in ti^e printer instead. 

Local Printout 

In a land-line setup (called a local loop when one is set up 
in a ham shack, as for test purposes), the keyboard contacts 
are connected in series with the printer selector magnets and 
a power supply which frequently is 150 volts DC at 20 or 60 ma. 
Pressing a key causes generation of the code eiiaf«i<!ier, and 
the serial code character operates the selector magnets and 
causes the printer to print. If this all happens in the same 
machine, the result is an electric typewriter; if the keyboard 
and printer are in different machines, the result is telegraphy 
without Moirse code. 

Wireless TTY 

To convert the telegraphy setup to radio, all we need do is 
find some way to put the mark and space information on BF 
waves rather than on copper wires, and then recover it to 
drive the printer. 

We could simply substitute the keyboard for the hand key 
in a CW installation, and we would have make-and-break 
keying. The first amateur woi^ cmr long distances was done 
in this manner because no other form of teletype operation 
was permitted by the FCC. At the receiver, the audio was 
converted to DC ct[rrenttod^%^fhiitse3^6!^i^ 
was all it took. 



m 



w 



RCVR 




TERM»iAL 




PRINTER 




UNIT 





."TTV 
MACHINE 







TTY 




XMTR 






MOOUUTOR 





Fig. 2-9. Block diagram of typical RTTY station. AAA 
station would be same except that speaker would replace 
terminal unit and printer at receiver output, and 
microplione would replace keyboard. AM or FM 
modulator or sideband generator would replace TTY 
modulator at transmitter input. 

However, make-and-break is no longer used in RTTY. 
Frequency shift keying (FSK) is almost universally used. The 
frequency shifted may be the carrier itself (FSK), or an audio 
frequency modulated upon the carrier ( AFSK) , FSK is used in 

tlie HF bands, but AFSK is used by VHF RTTY because of the 
difficulty in controlling small shifts at high frequency. 



The Basic RTTY Station 



A typical RTTY station is shown in block diagram form in 
Fig. 2-9, and compared to an AM station. You can see that the 
major differences lie in the TTY machine itself, anil flie 
cuits connecting it to the transmitter and the receiver. 

The transmitter and receiver serve the same purposes as 
in any other radio communications system. The TTY 
machine's keyboard generates the proper code for the 
character to be sent, and the TTY modulator converts this 
code into the proper modulation for the transmitter 
(frequency shift or FM for FSK, and a shifting audio 
frequency plus audio modulator circuits for AFSK). The 
converter or terminal unit converts the receiver's output into 
a make-and-break-keyed current suitable for the TTY 
machine's printer, and the printer then converts this in- 
termittent current flow into a character image on paper. 



l^aUmi Identification 



In the early days, amateur RTTY stations were required 
to identify themselves by ordinary CW at 10-minute intervals, 
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as well as identifying in the TTY transmission. Rules have 
since been modified to permit all identification to be done in 
TSY. Ifte general requirements for identification are the 
same as for all other amateur stations; both the transmitting 
Station and the receiving station must be identified by call 

TRANSMITTING AND ilECEIVING RTTY 

We have already examined the means by which the 
operator's pressure on any one key of the keyboard is con- 
verted into an electrical code representing the chosen 
character, and the received electrical code is converted back 
into a printed representation of the character. But n^hilp^ 
between? 

Chidce of Modes 

Of course, a radio transmitter anda receiver are used, but 
the TTY modulator and the ctmverter or terminal unit are the 
items we are most interested in at this point. There are almost 
as many different TTY modulator circuits and terminal unit 
designs as there are RTTY enthusiasts, but most of these 
different designs have many items in common. The major 
differences, in fact, are brought about by the choice of FSK or 
AFSK for the modulating technique, and by the choice bet- 
ween FM discrimination and simulated make-and-bpii^ for 
the terminal unit. 

If FSK is to be used, the TTY modulator must vary the 
frequency of the transmitter, and the terminal unit may either 
generate the driving signal to the printer directly from the 
receiver's IF, or indirectly £rom au#9 ^et^p^eiiee^ ^ ^ 
bfo. 

If AFSK is to be used, the TTY modulator must fu-st 

provide a frequency-shifting audio tone and then modulate the 
transmitter with this tone. Except for the keyed audio 
oscillator, normal AM transmitter techniques are usually 
used. The terminal unit for FSK must be of the audio variety. 

Since an audio terminal unit can be employed for either 
AFSK or FSK operation, most of the popular designs have 
been based on this principle. For FSK-only use, however, the 
straight FM technique can provide the ability to dig much 
deeper mto the interf erie^ice of a crowded hand for copy 
of a weak signal. 

Let us examine at least one of each of these types of 
equipment to see how it functions. Since RTTY in amateur 
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Fig. 2-10. AFSK oscillator. W2PAT inductor is TV width 
coil. Output of this oscillator feeds conventional AAA 
transmitter's mike jack. 

radio began with AFSK, we will examine an AFSK modulator 
and terminal unit first, followed by the FSK equipment 

An AFSK TU 

One of the most popular RTTY terminal units ever 
described was that designed by Marvin Berstein, W2PAT. 

This unit provided an introduction to RTTY for a majority of 
the pioneer RTTY enthusiasts and moie to our point, is an 
excellent example of a complete AFSK unit. It includes both 
the oscillator to provide a keyed audio tone to a conventional 
AM transmitter, and Ite ree^^ cenveiPtirar turn recused 
teni^ bUo 8€9ries character codes to operate the printer. 

The Oscillator 

The AFSK oscillator (Figi, 2-10) is almost completely 
conventional. The Hartley circuit provides a stable sine wave 
output with a minimum of components, but any other 
oscillator circuit could have been used (and most other cir- 
cuits were, in one or another of the various designs which 
followed) . The part which makes this circuit different from an 
ordinary oscillator is the diode switch and frequency-shift 
capacitor circuit, cCHssisting^ reisiitor Rl, diodes Dl and 112, 
and capacitor C2. 

AFSK operators normally indicate mark condition with a 
tone of 2125 Hz, and space with a tone of 2975 Hz. The oscillator 
is tuned, by adjustment of the coil inductance and the value of 
capacitor CI, to produce ou^nt al 2d^ Hz wbai tiie keying 
circuit is open-circuited. 

When the keying circuit is closed, Rl is shorled out. This 
permits diodes Dl and D2 to switch capacitor C2 into the 
circuit in parallel with CI, thus lowering the output frequency. 
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The value of C2 is adjusted by trial and error until the output 
frequency is 2125 Hz. 

Diode Switches 

Operation of tiiis diode switch may appear a trifle 

mysterious at first, since no external power is supplied to turn 
the diodes either on or off. What actually happens is that the 
diodes rob enough power from the oscillator tank circuit to 
develop their own switching voltages. D2 conducts for half of 
each cycle regardless of the Iceyboard contact position; during 
the half-cycle that D2 is off, Dl attempts to conduct. The 
current flow through Dl, however, must flow through Rl, and 
a voltage is developed at the "hot" end of Rl wtil^h tends to 
keep C2 isolated from ground. 

When the keyboard contacts are closed, Rl is no longer in 
the circuit and the current flow is direct to ground on both 
halves of the audio cycle (through D2 on one half and Dl on the 
other). tliedfo^n0w«cf: Just like a closed switdh, and cut C2 
into the circuit 

Because of the diodes, the keyboard contacts handle only a 
small amount of DC rather than being required to switch AC or 
high-current DC. This minimizes RF interference to the 
receiver. In WSTi, ttiis Is m ^portent point, because the 
printing action on Vo» mmMm normally results from the 
signals which have gOUtie all flie way through the system, 
rather than on any direct connection between k^board and 
printer. 

Receiving Converter 

The receiving-ctmveiit^ portitm of the terminal unit (Fig. 

2-11) is not so familiar-loi^kiBgas the oscillator. It consists of a 
double-diode limiter followed hy a two-stage amplifier which 
is operated in an overdriven condition to serve an additional 
limiting function. Output of the active limiter is then applied to 
me dteteetor circuit, and detcXftor output drives the final 
current amplifier. The current amplifier operates a relay, and 
the relay contacts drive the printer selector magnets. 

Detectors 

The active limiter provides an output level of 15 volts, plus 
or minus 1 db, with input signals varying over the range of 450 
mv to more than 30v. This 15 volt signal is applied to the 
detector, which actually consists of two separate grid-leak 
detectors, each tuned to a separate audio frequency. One half 
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Fig. 2-n. Receiving-converter (portion of W2 PAT design) 

less power supply. Neon tubes at lower center of diagram 
are type NE-54. Inductors in filters are TV width coils. 



of the circuit is tuned to the mark frequency and the other half 
to the space frequency. Since only one of these two frequencies 
is present at any one time, one side of the circuit is always 
drawing more current than is the other side, and this swing of 
the heavy current flow from one side to the other in the 
detector stage corresponds to the mark-or-space ccmdition of 
the TTY signal. 

The plates of the two detector circuits are coupled through 
neon bulbs to the grids of another dual-triode tube. The neon 
bulbs act as threshold devices. Until f iruig voltage for the neon 
is reached, grid voltage on the final tube remains zero. When 
current flow in one side of the detector drops due to lack of 
signal at the associated frequency, the plate voltage rises, and 
when the neon fires the grid of that side of the current am- 
plifier tube goes positive. I^s makes that half of the final tube 
draw heavy current, thus pulling the polar xelay to flie 
corresponding position. 
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When the AFSK signal's frequency returns to that to 
\i^ich the detector is tuned, the detector stage current in- 
creases and plate voltage drops. When plate voltage falls 
below about 55 volts, the neon lamp goes out and the grid of 
that side of the current amplifier returns to ground voltage. At 
the same time, plate voltage in the other half of the detector 
was rising and turning on the other idde td the current am- 
plifier, thus reversing current trough the output relay and 
driving it to its other position. 

Tuning Indicator 

The milliammeter connected between the plates of the 
current amplifier stage is a tuning indicator. When tuned to a 
TTY signal which has a mark-to-spa^e ratio of 1:1 (as much 
time spent in mark condition as in space condition), the meter 
will indicate zero average current. This is because the meter 
movement is unable to follow the rapid fluctuations of current, 
and if the mark-to-space ratio is 1:1, the average current 
fluctuation wfiil be zero. 

Test Signal 

Another way to provide such a test signal is simply to key 
an AFSK oscillator with a square wave or an electronic key set 
for all dits: the RYRYRY sequence is traditional, but the 
keyed oscillator is more reliable since it does not depend upon 
ttie keyboard bdng m EK'Qper adjustment. 

Other AFSK TU's 

Many other AFSK units have been described and put into 
use since the \V2PAT unit made its appearance; a large 
portion of those in use today use transistors rather than tubes, 
ithftbftidie principles of all are similar, however, in that the two 
au^O tOOes are split into separate channels and the TTY code 
is recovered by detection of both channels. The limiter is also 
a usual feature since it provides the ability to operate with a 
minimum of critical receiver adjustment between stations. 

An FSK Setup 

FSK equipment is similar in many ways to AFSK gear, 
but differs in some important respects. The modulator con- 
sists of a circuit to switch capacitance across the tuning cir* 
cult of the regular transmitter vfo (crystal oscillators are 
difficult to get enough shift on). Such a cu-cuit is shown in Fig. 
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pf trimmer is coarse adjustment on maximum amount of 
shift attainable; meg pot is operating adjustment. All 
components to right of RF choke should be mounted as 
dose as possible to vfo tank circuit, and be made 
mechanically solid to avoid frequency instability. Com- 
ponents to left of RF choke may be located anywhere. 
Keyboard contacts must be insulated from ground for use 
in this circuit. 
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Fig. 2-13. Block diagram of typical direct-FSK or IF 
RTTY terminal unit. Limiter and FM detector are 
completely conventional, but &C coupling is employed 
from FAA detector output through to TTY printer selector 
magnets. 
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2-12. Like the AFSK oscillator, a diode switch is used, but this 
diode switch is powered by voltage stolen from the transmitter 
B+ supply. The function of the switch is to connect the added 
capacitor Cl across the tuning capacitor when the keyboard 
contacts are open, and to remove it when the contacts are 
closed. This makes mark the lower frequency and space the 
higher one. Note that this is the exact reverse of AFSK 
practice. 

Freqaency Shittittig 

The frequency shift is usually 850 Hz, but any shift less 
tfaail9Q6Hz can be used legally. The variable resistor controls 
ttie amount of. shift, by varying the effect of the added 
capacitor. When changing from one band to another, this 
resistor normally must be adjusted to take into account the 
frequency multiplication introduced by most transmitters at 
tiie Mghief bands. 

Many RTTY enthusiasts receive FSK by using AFSK 
terminal units, converting the FSK signal to AFSK by turning 
on the receiver bfo and tuning carefully. 

FM Detector 

However, an FSK signal is an FM signal, and an FM 
detector operating at the receiver's intermediate frequency 
can in many cases give superior performance. The FM 
detector can be any of the conventional FM detector circuits: 
discriminator, ratio detector, or pulse counter. Its major point 
of difference from audio AM detectors is that it must respond 
to low-frequency signals, since the 2.2 msec duration of a TTY 
bit is about 23 Hz in sine-wave terms. 

Such a direct-FSK terminal unit is shown in block- 
diagram form in Fig. 2-13. Both the limiter and discriminator 
stages are completely conventional. The cathode follower 
between the discriminator and the driver stage permits direct 
coupling for good low-frequency response. 

The driver stage is a switching circuit, so hooked up that a 
mark signal produces current flow through the output ter- 
minals and a space signal stops the flow of current. Both 
positive and negative power supplies are used, so that the 
output terminals will be at approximately ground potential to 
minimize shock hazards. 
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CHAPTER 




Equipment 



TiSprovide a closer look at some of the classic machines and 
associated circuitry, here are details on the Model 14 typing 
reperforator (Figs. 3-1 and 3-2), the Model 15 (Figs. 
through Fig. 3-5) and other equipment, including some 
designed for Armed Forces use and frequently available as 
surplus. Some of these machines have already been described 
and pictured as examples in earlier chapters. 

StQDEL 19 



The Model 19 machine is similar to the Model 15, with 

se\'eral exceptions. The keyboard on the Model 19 has a tape 
perforator on the left side. This piece of equipment makes it 




Fig. 3-1. The Model 14 typing reperforator. 
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Fig. 3-4. Schematic diagram of the AAodel 15 printer and 
keyboard, base, and relay. 

possible to punch tape while receiving incoming signals; and- 
also, when the positioning switch in the front of the machine is 
set in keyboard-tape position, you can punch tape and print on 
the maciiine at the same time from your local loop. When this 
switch is in the tape position, only tape will be punched. In this 
position, unless your machine is equipped with automatic 
carriage return and line feed, watch your end of line indicator, 
which is a light that comes on at the end of each line. When the 
light comes on, return the carriage and hit your line feed key. 

The Model 19 also includes tape transmitter located on the 
left side of the table. This is the piece of equipment which 
permits your transmitter to be keyed from tape at a speed of 
60 wpm. A separate motor operates this unit and for operation, 
must be turned on f»y a t^^eswitdi. The mMctk is located on 
the front of the tape transmitter. A master line switch on (lie 
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left side under the firont of the table will cut off all AC line 

voltage. 

The Model 19 is really about the last word in equipment for 
the hamshack. The only drawback is its high cost. Sometimes 
you can locate one of these if you shop around. There are many 
of them in hamshacks now so they must be available. 

This model is illustrated in Figs. 1-1 and 2-1. Figs. 3-6 and 
3-7 show the tape transmitter with cover removed and 
schematic. Schematics of additional equipment are ShOWn in 
Figs. 3-8 and 3-9. 

MODEL 26 

This is one of the very popular printers (Fig. 1-2) for 
amateur use. They were originally built for the telephone 
company by the Teletype Corporation, but they didn't stand up 
as well as the Model 15 under 24-hour a day use, and were 
dedlarfed obsolete white still quite new. Fortunately, by this 
time the amateurs were wdl enough organized so that a great 
many of these machines were sold to RTTY'ers rather than 
the local junk men. The good supply of these machines has 
driven the price down to a very reasonable range. 




Fig. 3-5. Schematic diagram of the Model 15 table and 
optional rectifiers. 
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Figv Model 19 tape transmitter with cover removed. 



The Model 20 is a single magnet printer, as are all but the 
old Model 12 and the very rare Model 21 receiving printer. It 
uses a small type wheel which is rotated by the distributor to 
print the letters on the page. The page stands still and the type 
wheel travels back and fortli as in the Model 15 and the newer 
IBM ^p^xrriters. This is a fine machine for amateur RTTY. 

MODEL 401 

This is a receiving tape printer (Fig. 3-14) used by 
Western Union and is complete with an AC motor driven 
distributor. These units, when you can find thenut i^ine f jctr a 




TOP VIEW FROM niatil S>DC 



Fig. 3-7. Schematic of Model 19 tape transmitter. 
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Fig. 3-8. Schematic diagram of Teletype Corporation 
Model REC-13 rectifier, used in some variations of the 
Model 19 and in other equipment. 




Fig. 3-9. Sciiienriatic diagram of Teletype Corporation 
Model RECiib rectifier, used in some variations of Model 
19 and other equipment. 
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Fig. 3-10. Teletypewriter TT-4-G lightweiglit, portable 
ktelftsiihmidt page printer used by fhe Armed Fdf@es. 

remote repeater or even a regular station printer if you use a 
lot of tape transmitting. You can let this printer print the off- 
the-air signal while you cut tape with your regular printer. 

The 401 prints on the standard Western Union five thirty- 
sesM^ch tape from a small type wheel, i^atr if till Model 
Wt,l$ie whole unit is l^s thian one eutHC foot in size. 

mimmiijmmm mxiiimm Afj equipment 

Various equipflientand schematics are presented in Figs. 
3 15 through 3-24 to provide a general view of the variety of 

models in use, 

MODEL 31A 

This is one of the newer machines (Figs. 1-4 and 3-13) and 
was designed for portable use. It has a keyboard almost 
identical to the Model 28 and an AC-DC motor for complete 
flexibility. The magnets only require half as much current as 
larger printerij^lSiiil^lgl 60 fl|r 60 ma doesn't seem to cause any 
difficulty. Thare are three cables; line cord for the motor, 
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Fig. 3-11. Schematic dtagram of the TT-4'#i 



Fig. 3-13. Model 31 A with cover removed. (See also Fig. 1- 
4.) 




REPERFORATOR TRANSMITTER 
TT-I79/FG 

TELETYPEWRITER TT-II7/FG ■ r \ 




Fig. 3-15. Kleinschmidt Teletypewriter set AN-FGC-25 
made for ttie Armed Forces. 
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Ffg. 3-16. AN-FGC-25 diagram. 
(Conf d. on page 60.) 
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Fig. 3-19. Teletypewriter set schematic 
diagram. For illustration see Fig. 1-5. 
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Fig. 3-21. Model TT-123A-FG. 



keyboard, and printer. This machine was made by the 
Teletype Corporation and used by Western Union. It is very 
light, weighing about 19 pounds complete with aluminum case. 
The governed motor, as the machine comes, is a bit noisy and 
has to be filtered for good radio operation. The 31A uses five 
thirty-second inch tape and has a built in end of line indicator 
which is quite important when you are in contact with page 
type printers. The light lights when you are near the end of £e 
Ihie and you can send the carriage r > I irn :>rH! line feed signals. 




Fig. 3-52w Sehematk dragram TT-123A-FG. 
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Ffg. 3-23. URC-6 units. 
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Terminal Unite 



Once you have a machine you need a converter to complete 

your receiving setup. Let's look at the converter situation and 
see just what is required. There are two types of converters. In 
cither type the main function in the overall circuit is to change 
incoming signals into DC pulses that operate the selector 
Magnets <m the machine. 

A SIMPLE TUBE-TYPE CONVERTER 

We will deal later with the technical aspects of converters. 
For the present, here is a simple converter (Fig. 4-1) that does 
an excellent job. The circuit in Fig. 4-2 uses only the necessary 
parts to perform the function and all frills omitted. 

This unit employs a progressive type of construction. That 
is, the converter is wired in one complete section. The power 
supply is constructed as another unit. A monitor scope, which 
can be added at any time, is built as another section, and all 
three are removable from the overall chassis for servicing or 
addiiig additional curcuits as i«qufared. 




Fig. 4-1. A tube-type RTTY converter. 
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Fig. 4-3. Internal layout of tube-type converter. 
CoB«tra|Ction 

For those interested in the construction details, a 4" x 13" 
X 17" aluminum chassis was used. Cut out the top, leaving a lip 
all around of V2 inch. The section cut out is then cut to malce 
two sub-chassis; one for the converter and the other for the 
power supply. A strip of light aluminum will be required to 
make the third sub-chassis for the monitor scope. 

Each of these sub-chassis is cut to allow a '/2-inch bend at 
each end and still fit against the front and rear wall of the 
overall chassis. They are held in place with small alumininn 
self-tapping screws. 

The whole assembly is mounted on a Sli" by 19" standard 
relay rack panel. The top aiMl bottom are covered wiOi per- 



68 



forated aluminum which is attached to the edge all around 
with aluminum self-tapping screws. 

As to the converter itself, there is nothing new about it. It 
lj|a3 been used by RTTY'ers for some years in this or some 
modified form. It was selected because it is easy to assemble 
(Fig. 4-3) and uses parts that are readily available. As can be 
seen from the schematic, the wiring is easy; and, since there 
is nothing oritieal about it, it movM iwtfic the first time it is 
hooked up. 

Be certain that the meter jack is of the closed circuit type. 
The output jack is open when the plug is removed. Both of 
these jacks are insulated from the chassis since ther@ are 
about volts presentin the^reuit at this point. 

Adjustments 



A 100 milliampere meter should be inserted in the meter 
jack for making adjustments. It may be left in the circuit after 
adjustments are made or may be removed, since the closed 
ch'cuit jack will close and current will pass. 

In the final adjustment of the converter turn the control 
bias down to zero and the current adjustment down to 
minimum screen voltage. With your machine connected at the 
output terminals Of the cmvert^r, apply line voltage; and turn 
on the power. 

After warmup, without any audio input being applied to 

the converter, there will be no output current indicated. At this 
point feed a 2975 Hz audio signal to the input and adjust the coil 
with the .07 mfd condenser across it for maximum indication 
on the scope. The scope is connected to the scope termioais on 
tiie converter. 

Reset your signal generator to 2125 Hz and adjust the other 
coil slug for maximum scope presentation. This presentation 
will be at right angles to the first. 

With no audio input, start your machine and adjust the 
bias control until the loop current reaches a steady value. It 
should read about 18 or 20 ma with the current adjust pot set to 
minimum. 

Adjust the current control for the printer current desired. 
You may find that you will need to back off on the bias control 
slightly and reset it until the magnets pull in. 

The meter should read about 30 ma at this point. When a 
signal is fed to the input of the converter, the meter current 
will show a sharp swing up to about 50 tast, afid #01 continue 
this swing as the signal is received. 
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Fig. 4-4. Power supply for tube-type converter. 



A few tries will give you the proper adjustment know-how. 
You will soim find the machine ratUhig away witti perfect cq;>y 
received. 

The power supply shown in Fig. 4-4 is designed to provide 
power for both the converter and the monitor scope. Voltages 
indicated should be closely followed, since, if they are much 
different, the DC amplifier in the converter will not operate 
correctly. As a result, the converter will not function properly. 



A BASIC TRANSISTORIZED RTTY CONVERTER 



The circuit of Fig. 4-s is about as simgde as possible to 
construct and still obtain good readable copy on the ham 

bands. 

Audio from the receiver is fed through Tl and is limited to 
a set value by the 13K resistor and the two lN34's connected 
across the secondary. The first 2N269 is self-limiting by virtue 
<rf the unbypassed resistor in the emitter circuit. Also, there is 
a fairly large value bypass condenser connected between the 
collector and ground of tilte same transistor: the purpose of 
this is to reduce high frequent noise and signal leak-through. 

The second 2N269 is utilized as an amplifier and provides 
more than enough gain to drive the 1N34 rectifier. The 
collector of this transistor is connected to the center tap of the 
toroid rather ^an ^e outside. This is to reduce the loading 
effect of the collector impedance on the selectivi^ of the tuned 
circuit. 

Transistor TR3 acts as a DC amplifier and builds up the 
output of the rectifier to a value high enough to key the output 
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1 3K Resistor across secondary of transformer not shown in schematic. 



Fig. 4 5. Schematic diagram of a basic transistorized 
RTTY converter. 




Fig. 4-6. Circuit board for basic transistorized 

converter. 



transistor. The two 13K resistors in the base circuit of this 
transistor are the only really critical parts of the unit. Do not 
change the value of these as they set the current of the output 
loop. Also, it is easily possible to destroy transistor TR3. If you 
must experiment with these values, connect a milliammeter 
in the emitter circuit of TR3 and watch the value of this 
current closely. Also be sure that the 1N34 rectifier is con- 
nected to the junction of the two resistors, not to the upper end, 
as this also controls the amount of current drawn by this 
transistor. 

With a 12- to 15-volt supply connected, the local loop 
current will be between 60 and 65 ma and can be used to key 
the machine magnet directly. The tuned circuit is to fbe 
space frequency ; and. when a signal is received, the current in 
the local loop drops to almost zero. 

This unit is built on a home-made printed circuit board. 
The layout is shown in Fig. 4-6. The full size dimensions are 3" 
X 9". For connection to the external circuits, use bolts and 
nuts, with the heads of the bolts solctered to the printed circuit. 

AN m> W^BBON TRANSISTOR RTTY CONVERt^ 

A TU should be as simple as possible to build and adjust, 
and should cost as little as practicable. It should be usable on 
FSK or AFSK. It should have provisions for filters such as 
bandpass and narrow shift. It should provide for some sort ^ 
tuning indicator (meter, oscilloscope, or tuning eye) and 
should incorporate a provision for auto-start and an AFSK 
oscillator for VHF. 

The silicon transistor is a good type of device to handle the 
current required, which is about 200 ma. The TU (Fig. 4-7) is 
built on a printed circuit board. 
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Adjustment is easy and requires only an au#9 IG^dUator 
and VTVM to adjust the two 88-mh toroids. 

An LC filter or bandpass amplifier can be added to the 
front of the converter to improve reception wlien there is 

heavy QRM. 

The provisions for tuning have been made for an 
oscilloscope, a tuning eye, or frequency meter. (See Fig. 4-8.) 

The circuit cobiltrUetiOii is simple (Fig. 4-9). The circuit 
board (Fig. 4-10) has numbers for each lead of the eoia^^^ats 




Fig. 4-9. infernal arrangement view of all-sHfajn* 
transistor converter. 
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Fig. 4-10. PC board for all-siiicon-transfstor converter. 



to be soldered. There are six holes to provide for as many as 
three capacitors, to tune each of the 88-mh toroids for the 
standard 850 cycle shift, the space filter is tuned to 2975 Hz. 
This takes a total capacity of about 0.033 mfd. About 0.068 mfd 
capacity is used to obtain 2125 Hz with the other toroid. NOTE: 
Use only mylar, mica, or paper capacitors. Do not use disc 
ceramic capacitors. When tuning the two toroids, they should 
be mounted on the board and in the circuit. An audio signal is 
applied to the input at the frequency each of the toroids is to be 
tuned to. Watch for a peak on a VTVM across the toroid being 
tuned. The input circuit shown is an RC type input into the 
base of the first transistor. A transformer may be coupled 
between the output of the receiver to match the input im- 
pedance of the converter. Although the converter works vary 
well with four ohm input from the receiver, it will work much 
better with a matching transformer of four ohms to twenty 
thousand ohms into the converter. 

The output of the converter is placed in series with the 
local loop. The output transistor acts as a switch or relay, and 
does away with the polar relay. 

Pafts Hties 

All parts are available from your scrap box or your local 
dealer. The transistors and diodes are from Texas In- 
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struments, Inc. These silicon transistors are industrial type 
and do a good job for a reasonable price. 

A Hybrid Version 

If the transistors prove hard to find, or too expensive, a 
hybrid unit may be built as follows. 

Using the same board, replace transistors Ql, Q2, Q3 and 
Q4 v^th ^Icdn transistors which cost much less. 

Replace Q5 witli RCA 2N3440. 

When the unit is wired do not connect to terminal numbers 
110, 112, 113, and 117; disregard them. For the power to the 
unit, use 12 volts DC as called for, but for the loop DC to the 
keying transistor (the 2N3440) use the power supply, shown in 
Fig. 4-11. 

A Triad R-30 transformer may be used for T-3. It's rated at 
only 50 ma, but it will give 60 ma easily. It also has a 6.3 volt 
AC center tapped winding at 1.5 amperes, if you need it. A 
Stancor P-8421 may be used, or a Triad N-51X (an isolation 
tram^craier, rated at 130 volts DC at300ina)» Any one of fliese 
three are acceptable. 

Connect all parts as shown in the schematic. Insulate all 
three keying jacks and the B+ from the chassis. Connect &m 
B+ to terminal number 109 on the board. 
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Fig. 4-11, Hybrid version of the "all-silicon-transistor" 
converter. 
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When the terminal unit is complete and wired, plug in the 
transmitter distributor (TD). If you do not own a TD, use a 
shorted phone plug in this jack. Plug in the keyboard and the 
printing relay. Turn on the unit and adjust the lOOK pot con- 
nected to terminal 116, 118, and 120. Watch the 0 to 100 ma 
meter and Stop at 60 liia. With no signal into the Ce^Eiliittl 
tune in an RTTY station and begin to copy. If yOUgetno (»py 
or it is garbled, reverse the switch. 

When you get tired of just copying, build an FSK board. 
Use a 3-circuit mike jack and a SPST switch to FSK. the 
transm^tar and to control ft in the CW p^i^. Itie TD, ^ 
KBD, or the incoming signal \<nll key the transmitter. 

AN RTT¥ TERMINAL UNIT USING ICS 

The basic unit consists of four functional blocks: the 
isolation amplifier, ratio detector, the voltage comparator, 
and the high voltage switch. The isolation amplifier and the 
voltage comparator ai% boffi lew cost Integmied circttite, 
whose use keep the cost of this unit to a minimum. 

This terminal unit (Fig. 4-12) utilizes a UA-710 integrated 
circuit. This is a high gain, high speed, voltage comparator. 
Its operation can be summed up by stating that a reference 
voltage is applied on one input and the signal in questioii iS 
applied to the other. Any time the incoming signal is greater 
than the reference, the output is in one state, and when the 
signal droits below the reference point, the output will switch 
to the other state. There is a very narrow threshold which 
gives this unit its extreme sensitivity. 

The detector portion of this TU is a ratio detector, such as 
is used in an FM receiver. This type of detector is very in- 
sensitive to amplitude modulation which aUows the FM (FSK) 
to be detected when it is down in the noise. 

The incoming detected signal is integrated across C5 
which is divided by R7 and R8 to form the reference voltage 
for the comparator. Since this voltage is proportional to the 
detected signal, it automatically tracks and eliminates the 
need for a variable reference control. 

Tl andT2 (Fig. 4-13) consist of the standard 88 mh toroid 
telephone chokes which are available surplus or as generally 
advertised. They have been modified into transformers by the 
addition of 50 to 100 turns for a secondary. The number of turns 
u.sed is not at all critical, as loi|g 10 ti^e'Saatenum^ 
are on each transformer. 

Art is used as an isolation amplifier to drive Tl and T2 
differentially, and is a Darlington differential amplifier. The 
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Fig. 4>12. Schematte diagram of a RTTY audio terminal 
unit. 



Pig. 4-13. Detailed view showing teroids. 

Westinghouse WC115 or the MC1429G unit can be used, if at- 
tention is paid to the different pin connections. 

The outjputlceying transistor is a liigh voltage type, so the 
standard ISCNvolt loop supply can be used. Again, almost any 
type of high voltage transistor can be used, but the Motorola 
MJE-340 can handle the power easily. The neon bulbs are 
necessary to protect the MJE-340 from kick-back spikes. 

Layout is not at all critical and modifications are easily 
added for tuning indicators, reversing switches, etc. The best 
way to put in a reversing switch is to switch the hot end of Cl 
and C2 between respective places. Wired as shown in Fig. 4-12, 
the mark frequency is 2125 ^ m^th space being 2975 

In buying the iC's, theFairchildTlOis recommended since 
it is less expensive. 

With this unit, very narrow shifts are possible. You can 
copy a 200-Hz audio shift when it is below the noise level and 
voice communication is impossible. Narrower shifts should 
present no problem with the proper selection of values for CI' 
and C2. 

Exact shift frequencies are not mandatory for copy since 
the ratio detector is an FM type of detector. If the rpccivod 
station's tones are a bit off frequency, you probably v. ill not 
notice any increase in error rate, unless the received signal is 
very weak or the tones are considerably off frequency. The 
<q>eration of Oi^ iMit #an be vastly unproved w&(m utilizing 
narrow shift, by the addition of a good audio bandpass filter, 
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destgned for the shift in use, between the receiver audio output 
and the terminal unit input. If the signal being copied fades 
below copy level, or ttiere is no signal at all, ttie Teletype 
machine will not run op&a; it will sit quietly until a proper 
signal is tuned in. 

THE TUZ TERMINAL UNIT 

This terminal unit is a transistor type. It is about as good 
as the best and superior to most. In the process of developing it 
transistors have been lufldied AM die e&)^t complexity in- 
creased somewhat, howevar the results Have ^iiyEied 
these additions. 

This terminal unit was designed solely for performance— 
the only limitation on complexity was that it be easy enough to 
be readily built by the average ham. In terminal units ttiere 
are three areas for better performance— first is in the basic 
dectronics of the unit, limiters, adders, triggers, and selector 
magnet €b«iiitt<y; second is tlie area of^ters independent of 
theelectronic circuitry; and third is in the retiming and signal 
processing techniques used in regenerative repeaters. This 
terminal unit does an excellent job in the first area, while in 
the second area— filters, it uses good basic design and includes 
optional plug-in facilities for those who want to build and use 
the better types of modern filters. In incorporates no facilities 
for retiming, but the design is such that this may easily be 
incorporated later if it is desired. At this stage regenerative 
repeaters are relatively rare in ham TU's, hut there is no 
reason that it could not be added later on, for a transistor unit 
Should not be too difficult to build. 



The unit is basically completely electronic and self- 
contained: no relays, polar or otherwise, are used to cause 
hash and get out of adjustment, and no separate power sup- 
plies are needed. You simply feed the audio tones from the 
receiver and plug in the selector magnet of the printer. It also 
provides local copy and concurrently an adjustable FSK bias 
voitiagelor use when transmitting. The only external circuitry 
necessary is the conventional transistor or diode freq^m^ 



shifting network on your oscillator. 

The design of the unit is straight forward. The basic 
functions are given in the block diagram in Fig. 4-14. The audio 
input from the receiver is furst fed through an effective limiter 
consisting of two silicon junction diodes, Dl and D2. Singe tbe 
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Fig. 4-14. Block diagram of the TU2 terminal unit. 



peak voltage across either diode is limited by the forward 
conduction voltage of the other diode, the PIV requirements 
are negligible and practically any silicon junction diode is 
usable. The output of the limiter is then amplified by tran- 
sistor Ql and the output is fed to the two filters. 'I'he output 
transformer Tl is an ordinary tube type, 2000 ohms to voice 
coil. Special transistor transj^jnaers are avaiaMe> but they 
arc usually more expensive an4eEI%ai less efficient, while the 
saving in space is not significant. 

The low impedance output of the transformer is ideal for 
coupling to the usual toroids used in the filters, since relatively 
few turns are needed and the number can be easily adjusted to 
equalize the outputs of the two channels. The DPDT switch 
following the filters provides for mark-space reversal. This is 
necessary in eases where the transmitting station has the 
mark and space frequencies reversed, and is quite handy 
when you have your bfo on the wrong side of the signal since it 
is far easier to throw the switch than to retunc the receiver. 
The outputs of the two filters are then rectified by diodes D3 
and D4. Time are plaeeidi so Ibiit ym bave opposite polarity 
and the outputs are filtered and summed in RC networks. If 
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you have equal signals in both channels and equal outputs, the 
summed voltage will be zero— thus you have the usual can- 
cellation characteristics of an FM discriminator. Capacitor C7 
and switch SW2 are provided so that you may choose either AC 
Cr DC coupling. Briefly stated, in the AC position (SW2 open) 
the magnet current will be switched on a change in the level of 
voltage from the discriminator but the resting position may be 
adjusted so that the machine does nelron open when no mark 
tone is being received. This is quite convenient in eliminating 
the various misprints one gets when the mark tone is tem- 
porarily lost, and also provides protection against the effects 
of a continuous unwanted signal in either of the two channels. 
In the DC position (SW2 dosed), you have a greater range of 
adjustment for various types of distortion, although there is 
still a considerable range of adjustment available with AC 
coupling. Potentiometer R8 is a sensitivity level control and 
furnishes protection on occasion against mi^rints caused by 
rektfvely wesk nnwanted stgnaSs. ^ ilipalf be adjusted for 
optimum copy. When interference is not t problem it should 
normally beset so that the typical voltage swing at its output 
is equal to the range of voltage adjustment obtainable ii^sm 
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R14. This permits the widest range of adjusbseiits Uft 
distorted signals with maximum sensitivity. 

Switch SW3 has three positions: local receive, and tran- 
smit. The local and the transmit positions are the same except 
for the extra set of contacts which are used for station control 
on transmit. The resistor network R9 and Rll and zener diode 
D5 give a variable output voltage for controlling the frequency 
shift of the oscillator of the transmitter and at the same time 
provide a voltage to the subsequent stages (via resistors RIO 
and R13) which furnishes local copy. The FSK voltage can also 
he used for kc^g m AFSK oiSt^to; if you want to join 2- 
meter RTTY. 

Circuit Description 

Transistors Q2 and Q3 form a complementary emitter 

follower, providing both isolation and impedance trans- 
formation, the circuit being analogous to the conventional 
vacuum tube cathode follower. The complementary circuitry 
provides for equally effective operation on both rising and 
falling waveforms. Transistors Q4 and Q5 form a Schmitt 
trigger and the output from the collector of Q5 is a square 
wave — regardless of the shape of the input signal. Poten- 
tiometer R14 provides an adjustable trigger level for this 
circuit and permits a wide range of adjustment for distortion 
of the incoming signal. Transistor Q6 performs three func- 
tions: it serves as a buffer-amplifier (mostly buffer) between 
the Schmitt trigger and the switching transistor (Q7), it 
provides the phase reversal which is necessary for using the 
FSK voltage for local copy, and it permits the application of a 
positive bias to the switching transistor to assure effective 
cutoff of the transistor. 

Transistor Q7 is simply a switch to turn the selector 
magnet current off and on. Since the input is a square wave 
(i.e., either off or on) the actual power dissipation is very low. 
The steady state dissipation is 100 milliwatts or less in either 
the off or on state, and during switching it reaches an in- 
stantaneous peak value of about 1 watt. The average power 

dissipation on continuous reversals (RYRYRYRYRY ) 

should not exceed 150 milliwatts. Actual transistors tested 
have ranged from 300 mw units up to the largest of power 
transistors— in practice medium power units are recom- 
mended merely because of the added safety factor. The 
current regulator transistor Q8 and the associated circuitry 
provide a very low resistance path when the magnet current is 
less than the required value— when the current reaches the 
rei^ioiiNsI i^gsmr the voltage i^sp across the transistor in- 
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creases until it is stnfficiently large to assure tliis desired 

current. This transistor has to dissipate about 4 watts with 
current on, thus it must be a medium power transistor with a 
moderate heat sink. The zener diode Dio provides the 
reference voltage for this current regulator circuit and a 3- or 
4-volt unit is recommended— theoretically the lower the 
voltage the better, but the actual value is not critical. Higher 
voltage units may be used with a very slight decrease in 
performance, but if they are, the value of R28 should then be 
increased somewhat to protect against excessive ciurent. 

Power ini^es 

The power supplies are conventional in every respect. The 
diodes used in the high voltage supply are 100 volt PIV units 
with a current rating of .25 or more. The bias supply used 
surplus 1N482 diodes which were available from the junk box, 
but any diodes rated for 15V t^, 10 ma or better can be used— 
and those are very easy specifications to meet. You could 
probably save some space, components, and initial expense by 
using a standard 9-volt transistor battery and eliminating the 
bias supply and zener diode D7. Another possibility which 
might be tried is to use a ^ple half wave rectifier in the bias 
power supply. The current drain here is very Ipr ^fflid tbe^S^ter 
used should be ample. 

With the exception of the diode DlO in the current 
regulator circuit, all the zener diodes specified are Hoffman 
HB-1. These are listed as general purpose diodes guaranteed 
to have a PIV greater than 7.5 volts. They practically all have 
zener points within the range from 7.8 to 15 volts with the vast 
majority falling within the 8 to 12 voll range. These are un- 
doubtedly fallout from their regular zener diode production 
which do not meet their commercial standards— but they are 
quite adequate for a variety of amateur applications. They are 
more effective than electrolytic capacitors, since their im- 
pedance is not frequency dependent, and in a terminal unit we 
are dealing with some very low frequencies. In addition they 
take up a lot less space than electrolytics and as long as you 
stick to the HB-1 variety they are cheaper. Checking them is a 
simple matter, just use the test arrangement given in Fig. 4- 
15. The power supply can be that of the imit. The value of the 
potentiometer is not critical but the fixed resistor in series 
with the diode should be sufficiently large to limit the current 
to less than 10 ma. Just connect the diode and run the poten- 
tiometer slowly up. The voltage should rise smoottily until the 
zener voltage is reached. Increasing the pot further should nc^ 
cause any significant increase in voltage. If you have less^tfc^ 
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Fig. 4-15. Diode test setup. 



a volt or so across the diode, you have the polarity of the diode 
reversed; turn it around. If you get a continuously increasing 
voltage with no zener point, either it has no zener point or it is 
above the voltage range you have tested it for, but in either 
case don't despair, the diode will be quite satisfactory for 
either Dl, D2, or D6. Test them all at the same time and mark 
the zener voltage on each. Select one of the higher voltage 
units, on the order of 10 or 12 volts for D5. Use the lowest 
voltageunit, preferably between 8 and 9 volts for D7. If you are 
unable to find one this low, D7 may be replaced by a 100 mfd 
12v electrol;^tic capacitor. As for D8 and D9, the actual voltage 
is noictti^i aad cati he anywhete in the 8 to it volt region— 
however D8 should have a higher zener voltage than D9 ; a half 
VqH differential is quite adequate. This differential assures 
INttisistor 06 cuts <tff . 



Transistors 



The transistor type specified are modem units that you 
ean buy at reasonable prices, plug in, and be assured of 
satisfactory performance. There are cheaper (but very little 
cheaper) transistors which can be used if you are willing and 
able to go through a selection procedure to find the satislac- 
tory units. The 2N2374 and 2N2375 units are low cost modern 
PNP units with relatively high voltage capability (-^v). Hiey 
also have high beta without having the exceptionally wide beta 
spread of some of the less expensive units. If you have some 
means of checking beta, using the highest beta transistor for 
Q4 and the next highest beta unit for Q5. The 2N1304 are 
moderately priced NPN trans^ors and perform very nicely 
in the circuit. The output firiU^iiStors used in the various units 
have been of a wide variety of types, in general the 2N251 or 
aayi^ (diamond base) transistor with a SO-volt rating and 



86 



A 



Fig. 4-16. Two similar variations of the completed TU2 
TU's. (Continued on pages 88 and 89) 
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reasonable beta will be easy to mount and should do an ac- 
ceptable job. For those who prefer the stud mount, the 2N1501 
has done a fine job in a number of these units. 

Tb9 Completed Unit 

There are several ways that the terminal unit can be 
packaged. Two similar units illustrating one version are 
shown in Fig. 4-16. The circuit diagram is given in Fig. 4-17. 
The units use a small printed circuit board— roughly 3 inches 
by 8 inches in size. The layout of the board is shown in Fig. 4-18 
and the parts layout on the top of the board is shown in Fig. 4- 
19. This board provides a large percentage of the circuitry of 
the unit, but since it provides for separate filters, controls, 
output transistors and power supply, it does provide a con- 
siderable degree of flexibility in packaging. It can, of course, 
be readily adapted to relay rack mounting by the use of a 
standard 3% inch relay rack panel. One of the units pictured 
uses 2N251 transistors and has the toroid filters mounted in- 
tegrally in the unit. The other unit shown uses plug-in filters 
and has 2N1501 transistors mounted internally. This actually 
has an extra transistor mounted internally to be used as an 
additional output for a reperforator. This permits a reper- 
forator to be used along with the page printer and gives 
separate control of magnet current. The circuitry for this 
modification is shown in Fig. 4-20. The jack which is paralleled 
with the magnet output of the octal plug on the other unit is 
here wired up to handle the extra output. The plug-in filters 
may be mounted in the Vector C-12 cans shown in the photo, or 
may be more complex units mounted in a 3" x 5" x 10" 
chassis— which is the chassis size used for these two units. 

^ifli %h!S size circuit board you can choose your own size 
esbinet and your own panel layout— the space occupied by the 
board is small indeed. Please don't get the idea that this 
represents the ultimate in packaging techniques and 
shrinkage. If you want a smaller unit, just use smaller size 
potentiometers, wind a single transformer for the two voltages 
i«giiiEed| use a miniature meter and muiiature electrolytes. 

Filters 

The filters used in the terminal unit are bandpass units of 
the conventional type. The circuits and the component values 
are given in Fig. 4-21. There is also an illustration of the set up 
for )sMa§ tKe Tiiii^ ii simfiB usini fiift lest set up. 
Connect it to the LC pair to be tuned, short out the other LC 
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F?g. 4-17. Schematic diagram of the TU2 TU. 
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Fig. 4-18. PC side of board. 



pair of tiie filter you are tuning, and either by trying different 
capacitors, or by adding or subtracting turns from the toroid, 
bring that section to resonance on the desired frequency 
(either 2125 or 2975 cycles) . Then switch the short to the sec- 
tion you have tuned up and proceed to tune the other section. 
Note that this procedure effectively adds the coupling 
capacitor to each LC pair. The coupling capacitor is chosen 
from normal 10 percent capacitors, which should be close 
enough for proper performance. You should preferably tune 
the output section with the load connected so that tuning does 
not shift after the unit is wired up. The values given are for a 
bandpass of about 200 cycles, Which is oar r^dtiitttiaidiBitiOn 
for general use. If toroids or space are problems, you may 
prefer to use only one toroid in each section; this will not give 
quite as good performance as the bandpass unit with two 
toroids per section, but the performance will still be con- 
siderably better than the average terminal unit. Just omit the 
coupling capacitor and the second LC pair. 

When building the unit you can either mount the filters on 
a terminal board and put it inside the unit, or you can make 
each of the filters a plug-in unit. The numbers at ttie terminals 
are the base connections for the octal sockets used with the 
plug-in units. It is handy to have these standardized, to check 
out terminal units before the filters are finished. The plug-in 
units also permit you to have other filters with narrower 
bandpass or special filters for short shift. By making up just 
one filter for 2550 cycles, you are equipped for copying the 
commercials using 425 cycle shift. The dual plug-in units are 
each mounted in a Vector C-12 can which is2"x2"x3"in size. 
The Millen 74^ ean may also be used. When the units are 
finished and connected in the circuit, check to see that the 
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•38 V. 



R26 



DIO 




Ftg. 4-20. Qrcuit for operating two printers. 



bandpass is smooth across the top and not double humped. li 
you do have a double hump with the units operating with the 
normal load, add a resistance across the output toroid of each 
filter. By careful selcclion of the resistor you should have no 
difficulty in smoothing the response. Without a load you will 
surely have a double tiumpkl cufve, and tie value of 
resistance needed will depend to some extent on tiie betas of 
transistors Q2 and Q3. 

Testing the Unit 

Checking out the unit is a relatively simple procedure. For 
the initial check, disconnect the lead supplying voltage to Q7 
and Q8. Plug in the unit, apply power, and check the power 
supply voltages. First check the voltage at the collector of 
transistor Q5. By varying the setting of R14, the voltage should 
at some point shift from a little less than one volt to ap- 
proximately the zener voltage of D8. You should not, repeat 
ilOtf 1^ alile to obtain an intermediate voltage rea^g 
regardl^sof the setting of R14. If you can, the transistors you 
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are using for Q4 and Q5 probably have two low a beta. The 
switching should occur when R14 is set approximately to 
center scale, i.e., when the voltage on the center arm of the pot 
is about -1 volt. One unit, on which detailed voltage 
measurements were made switched on a .03 volt change on the 
bases of Q2 and Q3. The next step is to cIffiek Q6. Tbe collector 
voltage should switch from about the zener voltage of D9 to 
about zero volts. A further check should be made on the 
voltage from the collector to the emitter of Q6. When this 
transistor is conducting, the voltage drop should be less than 
ione volt If it is UgfaSt tbm W^, t^isr use a higasae 
transistor for Q6 or decrease Qie resistapce of R21 . 
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Fig. 4-21. FliteF iuning setup. 
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Next check the mounting of transistors Q7 and Q8 to see 
that you have not grounded the collectors in the process of 
mounting and heat siniting them. After reassuring yourself on 
this point, connect the power to the units, plug in the selector 
magnet, and turn on the unit. By now, varying the setting of 
R14 you should be able to switch the magnet current off and 
on. Then, with the current on, adjust R29 for the proper 
magnet current. For Model 14 or Model 15 machines with 
pulling magnets, be sure the two sections of the magnets are in 
parallel and run 120 ma to the paralleled magnet sections. 
With holding type magnets, less current should be satisfac- 
tory. If you are unable to draw the full 120 ma with R29 set at 
minimum resistance, you probably have a very low zetiee 
voltage diode for DlO and the cure is simply— merely 
decrease the resistance of Pi,28. Normally, you set R29 and 
leave it alone, so if space is a problem you can locate this pot 
at any position on the chassis you have the room for it. 
Alternatively, you could merely select R28 for the proper 
current and delete R29 completely. Check the voltage from the 
collector of Q7 to ground. When the magnet current is on this 
voltage should be less than one volt. Readings of .1 volt to .4 
volt are typical. If it is more than a volt, the beta of the tran- 
sistor is probably low— but with identical transistors being 
used you can easily switch transistors and see if this improves 
the situation. Actually when you use power transistors here 
you are normally well off since the betas are usually con- 
siderably higher at the 120 ma operating point than they are at 
the full rated current the devices are designed for. You can 
compensate for an extremely low beta unit by decreasing the 
resistance of R24 from 1500 to 1200 or even 1000 ohms. A 
number of the units built have used 2200 and 2700 ohms for this 
resistor, but the i.ioo has i)cen specif led to provide latitude fw 
the lower beta transistors. 

Assuming all works well, the only remaining step is to feed 
audio tones into the unit and see if it prints. The audio tone is 
limited by Dl and D2 (an oscilloscope will demonstrate this 
visually), it is then amplified by Ql, aWd flie two fate* sec- 
tions separate ihs tones. With a mark tone input you shouldiget 
a positive output at the junction of R6 and R7, while for a space 
tone you should have a negative output. If they are reversed, 
just throw SWl and the situation should be as specified. With 
SW3 in the receive position (center) these tones should switch 
the magnet current on and off. 

A teletype terminal unit that is better than the majority of 
the TU's presently being used by amateurs on RTTY is called 
the Chemical City TU (Fig. 4-22), after the "chemical city" of 
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Fig. 4-22. Chemical City Terminal Unit. 
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Midland, Michigan. It features provisions for copying on 
either mark or space or both. It also permits copy of signals 
too low in the noise to be usable printable material except by 
the very best terminal units, which areiiiini^ niiit avldOteS^ib 
the average amateur. 

Circuit Description 

One of the unique features of this TU appears at the 
secondary of the input transformer (Fig. 4-23). As can be seen, 
it utilizes a pair of 1N2701 silicon diodes for the first sta^e of 
limiting. These diodes, because they have the property itf 
passing one-fourth of a volt before they start to conduct, are 
ideal for limiting purposes without the use of bias voltage and 
the associated resistors necessary with the conventional diode 
limiter. The use of these diodes results in a total of Vi-volt 
peak-to-peak on the grid of the 12AX7 second limiter amplifier. 
With this arrangement, the signal output from the 12AX7 is 
constant between the level where the signal is just audible to 
the ear to full output from the receiver. 

The signal voltages then pass through a 12AU7 amplifying 
stage; one triode section for the mark channel and one triode 
section for the space channel. In the plate circuit one will note 
that the pair of transformers drive the 6AL5 balanced 
detector. The output of the balanced detector is used to feed 
three differenti'^^M^ ki tbe eoav«rter as can be seen in ttie 
schematic. 

The first tube fed by the detector is another 12AU7 which is 
a DC amplifier and keyer for the mark and space coupling. 
Output from the detector also feeds the 12AU7 proceeding the 
detector. And finally, the detector voltage is fed to a 12AX7 
inverter tube, which begins the process of converting the 
trailing edges of mark pulses to space pulses and space pulses 
to mark pulses making it possible for one to copy on either 
mark or space when one of the two signals is not present for 
reception. 

A secimd unusual idea is the feedback loop which is 
associated with the application of voltage, derived from tte 

output of the 6AL5, on the grids of the first 12AU7 amplifier. 
This voltage causes three things to take place. First, the DC 
component from the output of the 6AL5 provides bias on the 
grid of the 12AU7 giving the converter a small amount of 
automatic gain control. This gain control begins operating 
when the signal into the limiter is of lower amplitude than the 
operating point of the limiter, at which time, the automatic 
^(in eontrol takes over to hold the signal through ttie con- 
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verter at a more constant level than would wmst^ be imd if 
it were not present. 

A second benefit derived from the voltage on the grid of 
the 12AU7is that of giving pre-emphasis to the pulses as they 
pass through this stage before going on to the 6AL5 for 
detection. A close look at the operation of the detector will 
show that the voltage at the output of the detector is a function 
of the signal at any given time. When the signal changes from 
mark to space and back to mark again, the bias on the grid of 
the 12AU7 amplifying tube changes with respect to the in- 
coming pulses. This action jxroduees a i»or«i definite M 
the grid of the 12AU7. 

The DC output from the detector, which is actually 
negative half cycles of the audio going into the detector, is 
utilized in this converter, as in other converters, to operate the 
various keying stages. Howevef, along with this pulsating DC 
voltage, there appear negative pulses of noise which will 
trigger the keying stages, giving erratic operation on 
marginal signals. Feeding these negative pulses back into the 
grid of the first amplifying stage tends to cancel out the 
positive pulses of noise appearing at the grid, reducing the 
noise figure of the system. 

A 6AF6 dual-eye tube was incorporated in the TU to aid in 
tuning the signal in correctly. The grids of fjhre 6AF6 are fed 
directly from the first 12AU7 keyer tube. The 3-megohm 
potentiometer is used as a voltage divider in the plate circuit 
of the 6AF6 to set the closureof QiesbftetoKStiD ftMir line when 
the limiter is saturated. 

Component Arrangement 

The parts layout is not critical except that the input of the 
TU should not be too close to the output of the 12AU7 amplifier 
as it may tend to oscillate. The only critical part needed in 
duplicating this converter would be the type of transformers 
used to feed the detector. The original model utilized a pair of 
surplus transformers with a 20K primary and a 600-ohm 
secondary. Almost any similar transformer could be made to' 
work; however, the 47K resistors at the output of the detector, 
which feed the 12AU7 keyer, would have to be changed and the 
voltage dividers feeding the 12AX7 inverter tube would also 
have to be changed. Otherwise, one should have trouble 
duplicating the imit. 

There are other improvements that could be made on this 
circuit which would make the converter even better. Hie 
addition of a comb filter at Qie input would further reduce Uie 
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noise entering the TU. Also, bandpass filters at the input COtdd 
be used for greater suppression of unwanted signals and fa: 
greater ease in tuning. The addition of an axis restorer to hold 
the machine in absence of any signal; and the addition of a 
mark-space axis computer, to move the operating point of the 
detector half-way between the mark to space peak aiB* 
plitudes, would also improve performance. 
The Chemical City TU shown also contains an integrated loop 
supply on the same chassis. Fig. 4-24 illustrates thattll^jte 
room available for future modifications. 

AN ADVENTURE IN DESIGNING A TU 

The Model 15 machine requires 60 ma through the selector 
magnet to operate. There are two sections to this magnet; 
and, with the sections in series, the resistance is about 200 
ohms and the required current is 60 ma, or one could connect 
the sections in parallel (50 ohms) and use 120 ma. Either 12v at 
60 ma or 6v at 120 ma (total power of .72 watts) should do the 
trick! Alas, would that it were true. It is a longish tale, but 
read on and if all goes well, you may be spared some of the 
trauma one RTTY'er experienced. 

The next step is to acquire a termmal unit. Two audio 
tones in it are used to turn the magnet current off and on. The 
keying tube is a 6L6, with more than 250 volts for the B supply. 
Here is almost 6 watts of heater power and over 15 watts of 
plate power i»ed todellirer ttie .72 watts to the magnet 

The Search for a Better Mousetrap 

There is an easier way to do this. The obvious approach is 
to use transistors. As current operated devices, they should 
indeed be fine for switching the magnet current off and on. In 
other portions of the circuit they should be equally good. The 
highest frequency in the unit was 2975 Hz and most of the 
circuitry would be dealing with 22 millisecond pulses— 
certainly no fancy transistors would be needed for those 
frequencies. So a "Mark I" transistor terminal unit was built, 
by merely substituting a transistor stage for each tube stage in 
the circuit (which, in general, is the easiest but not the best 
way to design equipment). It worked, but the performance 
was less than sparkling. The next step was to design a unit 
following a Mock diagram t>f the Kmetifnis dissired; the result 
was a complete FSK unit using only three transistors. It 
worked better, and in fact, a fair number of copies of this unit 
have been built. It perfomed fairly— but, not as well as tie 
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Ffg. 4-24. Interior parts arrangement. 
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tube unit. The feeling persisted, however, that it should be 
feasible to build a transistor unit that would perform as well as 
fh^tabeimit, anddd tt&a tinapler, more compact, and more 
d^fident manner. 



Waieliing Waveforms 



For research, hook up a scope to monitor current and feed 
in 22 millisecond pulses. This is easily accomplished, by 
putting a 1 ohm resistor in series with the selector magnet of 
tbe machine md contiecfiirig the scope input across this 
resistor; the voltage across the resistor will be a function of 
the current through the selector magnet and the extra 
resistance will have a negligible effect on the operation. (See 
Fig. 4-25A.) One word of caution, a DC scope is an absolute 
necessity. The f^requaacies hivolved are low enough so that 
practically all AC cou|lted scopes will distort the wave shape. 
If there is any question in your mind on this point, use a relay, 
a battery, and a resistor. Key relay at the pulse rate, 
connect the scope across the resistor, and observe the wave 
shape: if it is not square, it is the fault of the scope. (See Fig. 4- 
25B.} Incidentally, if you have an electronic key, it is a fine 
square wave generator; just set it for dots at about 22 or 23 
dots per second. Alternatively, 4 or 6 volts AC into a polar 
relay will do the job. 

If the traces are not square waves, then the root of the 
problem is the selector magnet. We are applying a voltage to a 
device which consists of a resistance and an inductance. If the 
inductance is fixed, you get the smooth curve in Fig. 4-26. 
However, the inductance in a teleprinter is not a fixed value. 
When the armature is not against the pole piece, the in- 
ductance is about 2 beturi^; current is applied, the 




l.9v 



OSCILLt SCOPE I ^ , 

"M-wi J g^CTRONIC KEY > VEBTICM.- 

I "* 1 "4 

SELECTOR 1 * 
MASNET I 

Fig. 4-25. Oscilloscope vertical input setup. 
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Ftg. 4-26. RL current rise curve shovi^Ing [og where 
transfer from mark to space occurs. 

magnet charges, and as the field increases, the armature is 
drawn in. The physical movement of the armature is ac- 
companied by inli focraase in the inductance. For purpose of 
analysis, this is convenient, since this change in inductance 
causes a jog in the current curve, and gives a visual indication 
on the scope of the point at which the mechanical transfer 
from mark to space occurs (see Fig. 4-26). All the wave shapes 
here have a time base on the hodzontel asda mi selector 
magnet current on the vertical axis. 

As a starting point, consider the basic land line printer 
djse^ for the Motfel 15, with a supply voltage of 120 volts, 
^^tector magnet sections series connected, and a resistance of 
approximately 1800 ohms to limit the current to 60 ma. The 
time constant of the circuit in milliseconds is the inductance hi 
henries divided by the resistance in ohms (the limiting 
resistance plus the resistance of the selector magnet). In this 
case the time constant is 1 millisecond, which means that in 1 
millisecond the current will rise to 63 percent of its steady 
state value, in 2 milliseconds it will rise to 86 percent of its 
steady state value, and in 3 milliseconds it will rise to 95 
percent. By using even higher voltage we can increase the 
series and thus achieve a still shorter time constant, however, 
we have a mechanical motion of the armature involved, and, 
beyond a certain point, an even shorter electrical time con- 
stant will not give significantly faster mechanical movement. 
Hence, any efforts in this case will result only in an increase in 
power com8tim]3iti.oii without say (^responding gain in per- 
formance. 

What happens mechanically under these conditions is that 
there is a delay of about 3 milliseconds between the closing of 
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the circuit and the mechanical transfer ; and, at the end of the 
pulse, if the spring tension is properly adjusted, there is also a 
3-millisecond delay in the return to the resting position. This 
^UStinent gives the maximum range for the machine. The 
(Sfeets of less than optimum magnet currents are obvious 
from the family of curves in Fig. 4-27. At lower current levels 
the delay in the mechanical transfer becomes progressively 
loiter and the action slower. In fact, it is possible to have a 
current level such that the delay equals the pulse length. The 
result is that the range of the machine becomes progressively 
smaller and tlic operation correspondingly less reliable. It 
might be noted that for the relatively slight decreases, it is 
poasiMe to adjust the spring tension, and thus the delay or 
drop out to compensate for the increases initial delay. 
Stowever, for optimum performance, it is far better to accept 
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Fig. 4-27. RL current rise curves showing effects of 
varying the acl|ustment. 



105 




> • I 1 I 1 r- 

O 5 10 15 20 25 30 



Fig. 4-28. RL current rise curve of a commerciall/ 

marketed solid-state unit. 

With regard to this process of lengthening the drop out 
time to compensate for slow rise time, we ran across an in- 
teresting commercial application. One of the commercial 
units that is marketed as a solid state replacement for the 
polar relay was tested and gave the current wave ^pe 
lectured in Fig. 4-28. The rise time is slow but the circuit has 
been designed to give a correspondingly slow fall time. The 
result is that the range of the machine remains about the 
same. With a machine which is not properly adjusted, this 
might even increase the range. In on-the-air tests this was 
more sensitive to interference and gave poorer performance 
than either the best tube units or the transistor circuit we 
eventually used. 

In a typical electron tube terminal unit that provides 
magnet current through a keying tube, we normally have 250 
volts or more and a tube such as a 6L6 or 6Y6, which can 
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handle the current satisfactorily. The variable series 
resistance and the plate resistance perform tlie current 
limiting function. The time constant is even shorter than that 
ci file manufacturer's reeomiiiended cif euit, iind if properly 
driven by a square wave input, the performance is indeed 
good. A tube having a sufficiently high perveance should 
perform well with a 120-volt suiq[>ly« although no tests have 
been made on such units. 

Nest, cofnsttfer the ease of a transistor. IS we merely 
replace: ttieswitch or relay in the conventional keying circuit 
with a transistor, the performance should be practically the 
same as the manufacturer's recommended circuit. The 
transistor, having a far lower saturation resistance than a 
tube should do better than a tube. If you start pricing tran- 
sistors that will operate comfortably at 120 volts, you im- 
mediately conclude that theory and pocketbook don't always 
agree. In addition, the other transistors in the unit don't need 
voltages of this order, so you would either have large dropping 
resistors or need two separate power supplies. Neither 
alternative is particularly appealing. 

An example of this approach uses a grounded-base high 
voltage transistor (this helps on the voltage capability side, 
but makes driving the device far more difficult) and requires 
three different power sources. Another effort uses three 45- 
volt transistors in a complex series arrangement. Neither of 
these alternatives are particularly attractive. The next step is 
to see what will happen with a pedestrian ^nsistor and a 40- 
volt supply. The discouraging results are reported in Fig. 4-29. 
This will give copy, but it will not give good range or compete 
with the better tube terminal units. 

The next step along the path is ridiculously simple. If we 
use 60 ma through each section of the magnet for satisfactory 
operation, we can do it with 60 ma and the sections in series, or 
120 ma and the sections in parallel. Now when we put the 
sections in parallel, we have .5h inductance rather than 2 
henries. Consequently, with 60 volts at 120 ma we have the 
same time constant and the same performance that we had 
with 120 volts and GO ma. The increased current is easily 
handled by a transistor, whereas a tube to do this would be a 
fairiy substantial bdttle. At this point the voltage requirement 
has been cut by a factor of two, but 60 volts is still too high for 
convenience; i.e., a reasonably priced transistor. We really 
want something that will operate in the 30- to 40-volt region 
(with a bridge rectifier circuit and 15 to 20 volts available for 
the signal prOG^ss&g eireitfiry} and wfll ^dd laiU li» ipm- 
formance of which £e complex machinery is capable. 
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Fig. 4-29. Circuit and resulting unsatisfactory eur\« usfna 
pedestrian transistor. 

The next step is a closer look at the basic keying circuit. 
(Fig. 4-29A) This is not really what is desired. Better per- 
formance would be possible if the resistance could be made a 
direct sliort while the magnet is charging, and when the 
current reaches the desired level, the resistance increases in 
value to that necessary to limit the current. It not only has to 
do this, but should be sufficiently fast acting so that an added 
time constant is not siq^eHStposed on the one we are 
struggling to reduce. 

To do this you use a current limiting circuit which uses a 
transistor, a zener diode, and two resistors (Fig. 4-30). In this 
circuit RVz is chosen so that the voltage drop across it with full 
operating current is equal to the zener voltage of Dl. For a 
3.5-volt zener diode this required a 30-ohm resistor. When the 
current is less than the required current, transistor Ql is in 
^fect a very low resistance; when the current reaches tlie 



108 



desired value, the effective transistor resistance increases 
and the voltage drop across the transistor blcfilM^eS tiOl flml 
necessary to maintain the desired voltage. 

If we compute the time constant, it appears paradoxically 
that we have increased it. But the computed time constant 
would be that which is required to reach a steady state value 
limited only by R2 plus die resistance of 0te selector magnet. 
This current is about 500 ma and what concerns us is only the 
first 24 percent of this value. In actual practice the rise time is 
quite fast. The actual measurement is 2 milliseconds to reach 
90 percent of the final value. This is faster than the computed 
values for the recomihended 120v, 60 ma condition, which are 
63 percent in 1 millisecond and 8 percent in 2 milliseconds. The 
measured rise time for an excellent tube terminal unit is 87 
percent in 2 milliseconds— also better than that of the 
suggested circuit. The resulting current rise curve is given in 
Pff . 4-30B. 

This then is the performance we are looking for— a circuit 
using transistors, operating at a reasonable supply voltage, 
and giving performance equal or better than the manufac- 
burer's suggested circuit, and the best tube units. This circuit, 
using two transistors, requires less total power than that 
needed to light the filament of a 6L6. The final result is in- 
corporated in a terminal unit a small fraction of the size of the 
originiil rack mounted monster. 

A word of caution should be added on the usual practice of 
patching in an extra machine by the simple expediency of 
putting the second printer in series with the first. It is con- 
venient and usually only requires an adjustment of the series 
reSistahce to bring the magnet current up to normal value. 
However, a moment's thought, and it is obvious that this 
doubles the inductance of the circuit— and doubles the time 
constant. The waveform only confirms the sad news; it takes 
twice as long to reach a given current level, and performance 
suffers. This can be avoided by placing the printers in parallel 
instead of scries; in this case the time constant remains the 
same and the performance is not degraded. This is not done 
with tube units because the tubes are normally working at 
nearly maximum current. With transistors current is no 
problem and such operation is easily accomplished. In the 
circuit in Fig. 3-10 the only change necessary is the value of 
R2. If separate magnet current control is desired, a duplicate 
of the circuit with a common Q2 switching transistor would do 
the job nicely without degrading performance. 

Nothing has been mentioned thus far about fall time. In 
actual practice this does not constitute a problem. In prac- 
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Fig. 4-30. Circuit and steep-sided satisfactory curve using 
trinsfstor^ zener diode, and two resistors. 

tically all units, both lube and transistor, the current is down 
to an insignificant level in 2 milliseconds or less. In no case are 
voltage spikes observed on any of the waveforms observed. 
One case where a slow fall is observed is during the testing of 
various transistors in the circuit of Fig. 4-29A. Transistors 
ranging from 300 mvv up to high power 15 ampere varieties 
have been tested and almost all performed nicely. Even high 
power units such as 2Nl74's and 2N277's worked well. The only 
failure is an archaic 25 ampere unit which takes about 6 
milliseconds to fall to the 10 percent level. 

With regard to this process of lengthening the drop out 
time to compensate for slow rise time, we come across an 
interesting case. As for practical values, if you want to give it 
a try Rl is 5K or lOK. R2 in practice is either trimmed to the 
precise value to give the desired current and left alone — or if 
like most of us you have an insatiable desire for knobs, use a 
50-ohm potentiometer in series with a fixed 22-ohm limiting 
resistor. The diode should be a low voltage zener on the order 
of 3 or 4 volts. Those used have been 1N703 or 1N466. 
Theoretically, the lower the voltage the better, but 6 and 7 volt 
units have been tried and performed nicely. For transistors, 
try a 2N251, 2N538 or any 40- or 50-volt unit, the higher the beta, 
the better. 
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Frequency Shift Keying 
(FSK) 
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One of the simplest problems that faces the new RTTY'er is 
adapting his transmitter to FSK. Stran^jely enough, this job 
seems to be a stumbling block for many. This chapter will 
cover the principles of one of the simplest and most widely 
used methods for frequency shift keying. Also, methods for 
obtaining local copy while transmitting will be discussed. 

BASIC PRINCIPLES 

In order to transmit RTTY signals, the transmitter 
frequency is shifted between two different frequencies. The 
standard method for amateur use Is to use die higher 
frequency for mark and the lower fir^uency for space. 
Remember: LSMFT— Low Space Means Pine Teletyping. The 
standard shift for amateur and M.\RS use is 850 Hz: the FCC 
requires the shift to be less than 900 Hz. Many amateurs are 
experimenting with narrow shifts as low as 100 Rz. 

The base idea in shifting a transmitter is to cause the 
keyboard to switch a reactance in and out of the oscillator 
circuit in such a manner as to change its frequency. While this 
reactance can be either an inductance or a capacitance, 
capacitors are usually used since they are cheaper and have 
lower loss. To obtain the space, or lower frequency, the 
capacity is switched across the tuned circuit in a vfo or the 
crystal in a crystal oscillator. For the mark signal, the 
capacitor is switched out of the circuit. It would be very dif- 
ficult to do this switching mechanically, so some type of 
electronic switching is generally used. A diode makes a very 
ample and effective electronic switch. By reverse biasing the 
diode, it looks like an open circuit and by applying a large 
forward bias, it looks like a short circuit. If the forward bias 
current is made small, the diode will look like a resistor in- 
stead of a short circuit. Thus, by varying the bias, we have an 
electronically controlled resistance. The switching from 
f&F&^ to forwffi'd Mas can be done mnotely by the 
tdetypewriter keyboard. 
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Fig. 5-1. Simplified diode FSK circuit. 



Fig. 5-1 shows a very dhiplified version XA a diode FSK 
circuit which will illustrate how this can be done. The high 
frequency condition, is shown at A, and the low frequency 
condition at B. 

Wiien ttie Icey is open, as in (A) , the RF voltage present at 
flie oscillator tank eircuit is rectified by the diode, causing the 
capacitor C to charge up to the polarity shown. This negative 
bias on the diode causes it to be reversed biased and to look 
like an open circuit. Thus, the capacitor C is effectively 
disconnected from the tank circuit and the frequency is 
determined by the oscillator tuning capacitor. In (B), the key 
is closed and the diode conducts due to the external battery. 
The resistor R controls the current I through the diode and 
consequently controls the effective resistance of the diode. 
The diode is a nonlinear device; that is, the current through 
the diode does not change in proportion to the voltage across it. 
Due to this characteristic, effective resistance of the diode 
(the ratio of the incremental voltage across the diode to the 
incremental current through the diode) will change as the DC 
current through the diode is varied. If this DC current is large, 
the diode resistance will be very small and the full capacity C 
is connected across the oscillator tank, lowering its frequency 
a maximum amount. If the DC current is reduced by in- 
creasing R, the diode resistance is increased. A smaller 
amount of capacitance is effectively across the tuned circuit, 
and the frequency shift is less. 

You may notice one difficulty with the circuit shown. If the 
key represents the keyboard, then the low frequency would be 
for the keyboard conteic^ c{osod CmarkcmidiUon}. However, 
we want the space to be the low frequency. Also, when the key 
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is open, the leads from the diode to the keyboard are floating 

and might cause trouble with hum pickup. To solve these 
problems, a circuit shown in simplified form in Fig. 5-2 is used. 
In this circuit, the key, when closed, cuts off the diode current 
by bypassing it to ground. A second diode in series will become 
reverse biased due to a charge built up on C2 which completely 
isolates the external keying circuit from the oscillator. If 
shielded leads are used from the diodes to the external 
keyboard, etc., little trouble with hum or noise pickup should 
be encountered. When the key is open, forward DC current can 
flow through both diodes as before, producing the desired low 
space frequency. 



PBACTICAL FSK CIRGUITS 



TheFSK circuits shown above are quite simple, but there 
'Sil^:a,f&^ practical problems which need to be considered. The 
IllSSt: proUem involves the choice of diodes. Vacuum tube 
dodes are very well suited and are stable and reliable. The 
6AL5 and 12AL5 miniature types are commonly used, although 
the 6H6 and 12H6 are often used in surplus vfo's such as the 
AliC-5 series. Of course, heater power mnSt be supplied to 
tiiese diodes. Many of the point-contact germanium diodes 
work very well if simple precautions are taken. One of the best 
types is the INIOO (or 1N99) which has a very high back 
resistance and is very small. However, the more common 
1N69, 1N34A, and similar types will do a very good job. Junc- 
tion diodes, such as silicon power rectifiers are not too 
satisfactory, due to their high junction capacitance when 
reverse biased. 





Fig. 5-3. Simple practical FSK circuit. 



The second problem is that of eliminating key clicks which 
can produce excessive interference just as in CW. The 
problem is easily solved by using a simple RC network to 
soften or slow the transition from mark to space. 

A simple circuit which fulfills these requirements and is 
easily built is shown in Fig. 5-3. It can be added to almost any 
vf 0 and provides smooth, stable frequency shift. In this cir- 
cuit, the normally-closed keyboard removes the voltage from 
the diodes and the capacitance C is ^ffee^^y disconnected 
from the oscillator. Note that this capacitor, which produces 
the desired frequency shift, is connected to the vfo cathode, 
since this is a relatively low impedance point. Most modern 
oscillator circuits have their cathodes above ground for RF. If 
this is not the case in your vfo, you can tap the vfo coil a few 
turns from the ground end. When the keyboard is opened, the 
diodes conduct partially due to the forward diode current 
which flows. This causes a portion of the capacity C to appear 
in the vfo circuit, lowering the oscillator frequency for the 
space signal. The 47K resistor and .005 mfd capacitor act as 
thekey click filter, since the RC charge time causes a gradual 
frequency shift (about 1 msec) rather than an abrupt shift 
Similarly, when the keyboard closes, the gradual disdiai^e ol 
theRC circuit softens the shift back to mark. 

The part of the circuit shown in dotted lines should be 
mounted as close to the vfo tube as possible. Many vfo's will 
have room to mount a tie-point strip with the components 
shown right in theu* shield eaais. To avoid a permanent 
modification of a vfo, the circuit can be built in a small idiield 
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box mounted near the vfo and the connection to the tube 
cathode made by wrapping a small piece of solid hook-up wire 
around the cathode pin. The shift adjustment pot may be 
mounted externally from the transmitter if desired. It can be 
on the RTTY converter panel or near the keyboard. A shielded 
lead to the pot is recommended to prevent noise nnd hum 
pickup. 

The value of the dropping resistor R will depend on the 

value of the regulated voltage you have available. This circuit 
draws only a milliampere or so from this voltage source so this 
can usually be obtained from a VR tube already in the trans- 
mitter or the RTTY converter, or one can be added to any 
convenient power supply. The following initial adjustment 
procedure is suggested. Choose R to provide about 50 volts at 
tlie top of the shift pot with the keyboard open. Now with the 
pot wiper at the top, adjust trimmer (shift capacitance) C for 
slightly more than 850-Hz shift on the lowest frequency band to 
be used. If insufficient shift is obtained with maximum C, 
either decrease R to get more diode conduction or parallel C 
with a small mica capacitor. When proper shift is obtained on 
the lowest frequency band, the shift Gail be reduced by use of 
the shift adjust pot for higher frequency bands where the 
oscillator frequency is multiplied. To illustrate the effect of 
varying the diode current with the pot. Fig. S-4 shows the 
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Fig. 5-4. Typical variation in shift with diode drcuft. 
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frequency shift vs diode current fiir 8 vfo using this circuit 
witb 1N69 diodes at 3600 kHz. 

SHIFTING CRYST^ OSOCLATORS 

Many crystals can be successfully shifted 850 Hz using 

diode shifters. However, some will quit oscillating before 
sufficient shift can be obtained. The circuit shown for vfo's can 
be used with slight changes. The shift capacitor C is connected 
to the oscillator grid and the shift pot is eliminated. Sufficient 
current is bled through the diodes to cause them to conduct 
completely instead of partially. Thus the diodes are acting as 
switches instead of variable resistors. The shift capacitor C is 
adjusted to obtain proper shift. Most existing crystal 
oscillators will be found to be unsatisfactory for shifting due to 
high fixed capacity across the crystal circuit. It is better to 
build a new oscillator taking great care to keep stray capacity 
down, such as using very short leads in grid circuit, etc. A high 
gain tube such as a 6AK5 is the best choice. The disadvantage 
of the crystal-FSK circuit is that usually there is no margin for 
zeroing in on a net frequency since all possible pulling needs to 
be utilized for shifting. It is possible to adapt the vo circuit that 
is popular for mobile SSB rigs to provide a tunable crystal- 
drcttlt. 

OBTAINING LOCAL COPY 

When transmitting FSK with the circuit of Fig. 5-3 the 
keyboard operates only the FSK circuit and does not print 
local copy. To monitor what you are transmitting, it is 
necessary to tune your receiver exactly to your transmitter 
and to allow the RTTY ccinvttfK^ to dpirafe tte printer. The 
receiver gain must be reduced to prevent overload. While thb 
method allows continuous monitoring of the transmitted 
signals, there are some drawbacks. Beside the obvious dif- 
ficulties in switching receiver gain and returning in case the 
other station is not right on your frequency, liiere is a problem 
in keeping the keyboard contacts clean. These contacts are 
subject to collection of an oil film along with dust and dirt. In 
the FSK circuit, they break only about 1 ma of current. This is 
not sufficient to keep this film burnt off as is the ease when the 
60 ma magnet current is being interrupted. Also, all spark 
suppression filters must be removed from the keyboard cir- 
cuit when driving the FSK direct or these will cause bias 
distortion. Then tiiese filters are not alraiajiiae for local listi^ 
operation. 
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A method which gets rid of these problems is to operate 
the keyboard and .printer in series in a local 60 ma loop along 
wilh a polar reliay. TBe relay contacts then repeat the 

keyboard pulses to the FSK circuit and the printer provides 
direct local copy. A polar relay is used rather than an ordinary 
single-coil relay which would cause pulse distortion due to its 
different pull-in and release currents. The cirqiiit ^bow^n in 
Fig. 5-5 is a simple way of using this method. 

A DPDT send-receive switch (or relay operated from 
transmitter S-R relay) changes the printer magnets from the 
converter for teceivlhg to the local loop for transmitting. With 
some converters, the polar relay and keyboard can be per- 
manently connected into the printer loon and the keyer tube 
circuit can supply local loop current for transmitting by 
means of a hold switch or relay. In mounting a polar relay, be 
certain to mount either vertically, or, if horizontally, so that 
the relay armature moves in a horizontal plane. 

The relay contacts are enclosed and free from dust and 
dirt. Clean frequency shift keying is easy to obtain. Another 
advantage of this method is that it allows the shift to be easily 
reversed by means of an SPOT switch. This feature is needed 
for some transmitters using heterodyne vfo's where the upper 
beat frequency is used on some bands and the lower beat on 
ottier bands. 

A MERCURY -WETTED KEYING RELAY 

A mercury wetted keying relay may be added to the 
(ircuii shown ibi 42 to pei^il you lo key the transmitter 




Fig. 5-5, Recotlii^j^midi^ki^E^ ift^ loop 
copy. 
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Fig. 5-6. Adding a keying relay to the terminal unit 
described In Fig. 4-2. 



through the iieyboard ofyour macliine. Depressing the keys on 
the machine will open the loop current and permit the rela^f to 
. key the frequeftey sWfl keying circuit of the transmitter and it 
the same time produce local copy on your machine. 

The addition to the circuit is shown to the right of the 
dotted lines in Fig. 5-6. To the left, the section of the original 
circuit covering the 6AQ5 is shown. 

The mercury wetted relay is the WE276H, although otfieris 
^1 work as well, with the required socket changes. 

The only word of caution is that the mercury wetted relay 
must be mounted in a vertical position. 

When the modification is complete, let us consider the use 
of frequency shift keying, and a simple way of accomplishing 
it on the average transmitter. 

Let us see what we mean by frequency shift keying, 
assuming ttiat we will employ the standard shift of SSdHz. 

The terms applied to this difference in frequency are 
mark and space, the first being the RF carrier and the dif- 
ference in this mark and the capacity introduced into the 
cathode circuit of the bfo, is called the space signal. 

To illustrate, take a frequency of 7137 kHz. This would be 
lybiemark signal. Now to shift this signal down 858 would' 
produce a space signal of 7136.150 kHz. 

Now how do we accomplish the change in our mark sl^i^ 
or the fundamental frequency of our transmitter? 
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Fig. 5-7 shows a simple circuit which can be used with 
most transmitters and others with certain modifications, but 
the principle of creating the frequency shift remains the same. 

What occurs is that additional capacity is placed across 
the LC circuit of the oscillator, which lowers the oscillator 
frequency sufficioitly to tame the transmitter carri^ 
frequency 850 Hz. 

It should be pointed out that the mark signal is always the 
iiigher of the two frequencies, so that the fl|MMSe stgDftl is 
shifted downward in frequency 850 Hz. 

'the slug tuned coil (B) is made of 15-20 turns of about no. 
22 wire on a '2-inch form and is tuned to an inductance of about 
40 mh. If you are unable to reach the 850 Hz between the mark 
and space signals, vary the slug in (B) slightly. 

Adjusting the shift pot must be done slowly, observing the 
scope monitor for full deflection on both mark and space. A 
little experimenting with this adjustment will make for mWH^ 
Hz setting. 

A VFO FOR FSK 



If you operate both teletype and sideband you want a 
minimum-drift vfo with frequency shift keying provisions. An 
excellent way to minimize drift caused by heat is to isolate the 
tuned circuit in one box and the heat-generating components 
elsewhere (Fig. 5-8). Also, let the vfo run continuously. Keying 
ttie oscillator can be a cause of drift. 
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Fig. 5-7Slmp)e frequency shift keyer adapter for a vfo. 
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Fig. 5-8. Front view of the two units. The connecting RG- 
mAJ iB9bl# is seen in the baidkpciunci. 
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It is important to use leads as short as possible in the tuned 
circuit and make then of no. 12 wire, or heavier. If the length of 
the lead is much over an inch or so, it should be supported at 
mid-point by a ceramic standoff insulator. Make Kurc. too, 
that all components in the tuned circuit box are securely 
fastened- down. You should be able to pound on the surface on 
which the tuned circuit is placed without iiaving the frequency 
change. 

This vfo uses a series-tuned Colpitis circuit (Fig. 5-9), with 
a6AG7 as the oscillator tube. The plate voltage is regulated at 
Mf vo|l$,and flleSereen-^d "^reiiage, i*gdtai«l at 108 volts, is 
taken from the point between the two 0B2 regillator tubes. A 
little more output can be obtained by increasing the screen 
voltage to eetiial fb<& pMe voltage, but since this vfo is not 
intended as a power-generating device, we used the lower 
voltage for the screen grid. Adequate drive to our exciter, 
which uses a 5763 buffer and a 5763 buffer-multiplier driving a 
pair of 6146 's, is obtained from 80 through 10 meters. 

The coil L2 is slug-tuned to tesonafe in the 40-meter band. 
Additional output is obtained on 20, 15, and 10 meters by 
switching the coil into the circuit. It is switched out of the 
circuit during operation on 80 and 40 meters, resulting in an 
untuned output circuit. With most transmitters, the coil should 
not need to be in the circuit in 40-meter operation. 

In this vfo, you allow the vfo to run continuously, you 
eliminate keying the oscillator. The relay, Kl, is used to add 50 
pf capacitance to the 6AG7 grid circuit during receive periods. 
This capacitance takes the signal from the vfo far enough 
down the band, even on 80 meters, so that you don't run into 
ptur own signal when tuning around, unless you are listening 
15 kHz (on 80) away from your transmitting frequency. 

To zero-beat a station, the DPDT switch, S3, applies 115 
volts AC to the relay coil, closes it, and removes the added 
capacitance from the grid circuit. During transmit periods, 
the relay obtains its 115 volt AC from the transmitter transmit- 
receive switch. If your equipment does not contain such a 
feature, it should be easy to add. Use a DPDT switch to 
provide 115 volts AC for the vfo frequency-change relay and 
for another relay, located in the transmitter, which grounds 
the oscillator and final cathodes during transmitting. 

The frequency shift keying circuit is straight-forward. 
Briefly, the 6AL5 acts as an electronic switch. When the tube 
conducts, it coimefefs flie 33 pf silver-mica capacitor to ground, 
through the tube. Voltage for the 6AL5 is obtained through the 
1-megohm potentiometer, which determines the amount of the 
i^ift. The 0A2 voltage re^^&oe prevents ckm&ss in line 
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Fig. 5-10. The tuned circuit box. The two .001 mfd silver 
mica capacitors are mounted at the twin-axial connector. 
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Fig. 5-11. Top view of the oscillator-FSK-power supply 
chassis. The 0A2 voltage regulator tube, for the FSK 
circuit, is at the right rear of the chassis. The two 0B2's, 
for the oscillator circuit, are to the left and ahead of the 
0A2. The shield at the front right corner covers the 6AL5 
FSK tube. The6AG7 is located directly in front of the octal 
socket, which provides connections to the teletype 
machine. The 6AX5 rectifier is to the left of the 6AG7. The 
slug-tuned output coil is located to the left of the 6AL5. The 
AC power connector, In the background to the left* Is an 
Elmenco fused plug. 

voltage from affecting the amount of frequency shift once it 
has been set by the potentiometer. 

Using the values shown in the FSK circuit, sufficient 
frequency shift is obtained on 80 meters lo allow 850-Hz RTTY 
frequency shift keying. The shift potentiometer a^Qovvs tiie 
shift to be varied appropriately £or the band in use. 

Tuned Circuit Unit 

The tuned circuit is built in an aluminum utility box (Fig. 
5-10), black hammertone finished, 5" x 6" x 9" (California 
Chassis No. CAB-5). The coil, B&W JEL-80, has the base and 
the link carefully removed. The remaining polystyrene 
mounting rod Is mounted on two National GS-1 pillar in- 
sulators, which, in (urn. are mounted on the bottom of the box. 
The bandset capacitor, C2, is mounted in the lower left-hand 
comer of the panel. You will have to drill a hole through the 
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edge of the National ACN-1 to mount the capacitor. The 39 pf 
silver-mica capacitor is mounted across the handset capacitor 
terminals. 

Any good-quality three-terminal connectors can be used 
on ttie toned ctrevSt tnd o^flktor chassis. UG-103 connectors 

may he used, but these are not polarized. It is essential that 
the connections between the tuned circuit and oscillator 
chassis be made as shown in the schematic or the unit will not 
oscillate. Use small daubs of red paint on the panel and cable 
coiiiiectors to incKcaie polsa^i&m. IRG-'SSZAJ two-conductor 
Yielded is the cable used. 

Oscillator. FSK, and Power Supply Unit 

The oscillator, frequency-shift keyer, and power supply 
(Fig. 5-11) are built on a deep-drawn alumiHiina chassis 
measuring approximately 8" x 5V2" x 2^2". 

When building a vfo don't try to save money on capacitors. 
Buy good-quality silvci-mica capacitors for both the vfo and 
FSK circuits. The familiar, inexpensive ceramic capacitors 
may be fine in some applications, but they do not belong in any 
frequency-determining circuit. 

The vfo should be calibrated by using a frequency meter. 
The calibrated dial can be drawn, using a compass and India 
ink, and the calibration points marked. The numbers are 




Fig. 5-12. The 0-17-ART-T3 pto. 
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Instant Lettering. The letters and numt»(^ available in 
large sheets and are ajpplied simply b^fmiia^diig them onto 




Parts List 

CI— Cardwell PL-6001 with last rotor plate removed. 
C2— Hammerarlund HF-35 with last stator plate femoved. 
Jl, J2— UG-103-U panel-mounted connector. 
J3—RCA phone plug. 
Ki-^iST relay, 115 vac. 

Li-Barker & Williamson 80-BCL coil with link and base 

removed. 

L2— 30 turns no. 26 enameled copper wire wound on %-incb 

ceramic form, slug tuned. 

L3— Broadcast receiver replacement-type choke. 

Pi— Elmenco fused line plug. 
SI, S2, S4— SPST toggle switch. 
S3— DPDT toggle switch. 

Ti— Stancor no PC-8418 power transformer (230-0-230 volts at 

50 ma; 6.3v at 2.5a). 

FSK EXCITER 

The basic concept of this device was borrowed from the 
Northern FSK keyer, which uses a 200-kHz oscillator beating 
against a crystal in a balanced modulator. One surplus item 
available which seems ideally suited to this project is the sub- 
assembly 0-17 ART-13A. This is a low frequency pto (Fig. 5-12) 
covering the range of 200 kHz to 600 kHz in three bands and is 
used in the AN-ART-13. The unit uses a 1625 tube, has a very 
fine, slow tuning dial, and is extremely stable. 

(Note: If this pto cannot be obtained, don't throw the idea 
out. A 400- to 600-kHz vfo is not difficult to construct around a 
standard 455-kHz bfo coil, and siabflily is relatively easy to 
obtain at this frequency.) 

Since the pto is the variable portion of the frequency 
control it is desirable to use it without modification. This could 
be done by shifting the crystal. It would minimize the un- 
wanted frequencies if the #x(iitig% output were one-half the 
transmitter ou^ut frequency. 

Construc^i^ Stages 

Actual consli?uc6dn is ^a^fforward attd n^thiifg £s 
critical. Most parts may be freely sutetituted within a 
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reasonably wide tolerance (Fig. 5-13). The work and testing 
may be divided into four stages. 

Power Supply 

1. The power supply may be any 200- to 400-volt source, 12 
volts is necessary for the heater of the 1625. The other tubes 
may be either 6- or IS^olt types, depending on the supply. A 
VR150 and a VR105 or equivalent regulator tubes should be 
used with the required dropping resistor (value depending on 
voltage). The 0-17-ART-13 pto should not be used with mme 
than 105 volts to minimize harmonic output. Once the power 
supply is assembled, the pto should be connected and checked 
by listening for its signal on the low end of the BC band. 

Orystal Osdllator 

2. Next the crystal oscillator should be completed. The 
only critical parts are the feedback capacitors from cathode to 
ground and from cathode to grid. The operation of the shift 
control may be checked by shorting across capacitor Cl with a 
screwdriver. 

3. The two-triode balanced modulator requires no push- 
pull input of any kind. The tuned eireuft Ll-C2 lunes ttie output 

range desired. Two separate condensers can be used for the 
sections of C2 if frequent frequency changes are not an- 
ticipated. 

4. A polar relay is included in the keying cu*cuit. With so- 
ma bias current supplied from the exciter power supply, all 
that is necessary for operating is to plug into the local loop 
circuit (Fig. 5-14). A turn over switch is provided. 

The ftmction switch allows complete station control with 
one knob. In standby position the cathode of the crystal 
oscillator is lifted from the ground. In the take-over position, 
the exciter is switched on by SW2-A, while SW2-B shorts out 
the loop across the TU output. This prevents the receiver from 
keying the transmitter (if printer atid keyboard are in series), 
and also allows a quick return of the printer to lower case by 
flipping the take over switch and punching the letters key. In 
the third position the C section of SW2 is used to control a 
transmit relay. In position No. 4, the short across the con- 
verter output is removed and the transmitter may be keyed by 
an incoming signal. 

Tuning 

As with any heterodyne circuit, care must be exercised 
not to tune up on a harmonic or wrong beat. The unit should be 
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Fig. 5-14. complete exciier with pto. 



set iq> initially with a grid dip meter or absorption wave 
meter. The crystal used must be chosen so that the fourth or 
fiftli harmonic of the pto does not fall on or near the wanted 

frequency. 

By doubling in the transmitter any unwanted frequency is 
ftirther removed fhtm the toned ot#titrdf^1a'ansmitter. 

The average RTTY enthusiast will devote long hours and 
careful planning to come up with the best possible TU. Then in 
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Fig. 5-16. Coupling coil to transmitter. 



a rush to get on the air will, all too often, slap a diode 
shifter on any existing vfo— with less than the desired result. 
Or, should he decide to shift a crystal he may spend hours 
grinding the rock to a net frequency only to find his shift shy of 
the 850 Hz, not to mention that the net frequency may change 
about the time he finally gets within tolerance. 

Some transmitters may require more drive than that 
obtainable from the balanced modillat<»'. An aiiiplifier stage 
becomes necessary. A 6AG7is a logical choice (Fig. 5-15). The 
grid of this tube is capacitvely coupled to one side of coil L-1 
through a short length of RG-58. Two or three turns should be 
removed from this side of L-1 to maintain balance. (If in- 
dividual condensers are used for C-1, this may be maintained 
by tuning.) 

The layout of the 6AG7 stage must be made with care. 
Some physical separatiofi is il^iraible between the coil L-l, 
and the 6AG7 tube socket. The output coil, L-2, must be placed 
above chassis, (if L-1 is below) with the plate lead going 
directly topside from the tube pin. The 27K resistor insures 
complete stability. 

Low impedance output, either trcm Uhbi balanced 
modulator, or the 6AG7 stage, if necessary, aUowS tfeC»^-Citer 
to be located a convenient distance from the trananitler. 

A tuned-link-coupled input coil (Fig. 5-16) should be used 
at the crystal stage of- the transmitter. 

FSK WITHOUT RELAYS 

M me relays (except selector magnets) in the RTTY 
i^stem may be ediminated. This includes the formidable polar 
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relay, a device that is almost as hard to use copFeetly as It is to 

obtain. 

Since most of the RTTY stations use a vacuum tube keyer 
for the selector magnets, the only remaining use for the polar 
relay is to provide the capability of shifting oscillator 
frequency up or down to achieve a function paralleling that of 
upper or lower sideband for SSB stations. This function can be 
achieved with diode keying, thus eliminating all the reasons 
for using a polar relay. Even the cost of the three diodes 
required is nominal and the units are available out of most 
junk boxes and at all electronics parts houses. 

Fig. 5-17 is a schematic diagram of the diode keying cir- 
cuit. The dashed line separating the oscillator tube and the 
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tank circuit indicates that the circuit may be used for eifiier an 
AFSK system with the values shown or Ll-Cl may be com- 
ponents of the vfo tank circuit for those who prefer keying at 
the RF frequency. The values shown on the schematic for Ll, 
Cl, and C2 are approximate only, and should be selected for 
2125 and 2975 cps. For keying th^ vfb, choose Ll, Cl, and C2 fo 
provide 850-Hz shift at the frequency desired. 

Referring to the schematic diagram, the switch is shown 
in the more conventional shift-up condition. 'I'iic l^eyboard 
contacts are closed in resting condition, causing a current to 
flow through diodes CRl and CR2. CR2 is gated closed and 
places C2 in parallel with Ll-Cl to cause the oscillator to be at 
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&e lower firequency (2125 for AFSK). The .1 mfd capacitor 

may be considered a short circuit for the frequencies chosen. 
When the keyboard contacts open, for a mark condition, no 
current flows and CR2 is gated open. C2 is removed from the 
tuned circuit and the frequency is determined by Ll-Ql only <as 
the higher frequency (2975 for AFSK) . 

With the switch positioned to the shift-down position, and 
since the keyboard contacts are closed for space, a positive 
voltage will be applied to CR3 to prevent current flow through 
the diodes. The circuit now rests at high frequency. A mark 
condition opens the keyboard contacts and allows current flow 
through CR2 causing the oscillator to shift to low frequency. 

When used with a 150-volt power .'upply, current flow 
through the diodes is limited to 2.5 ma by the bleeder resistor 
networks, Rl, R3, R4, and R5, Rl, R2, and R3 were chosen to 
provide proper frequency shift in both switch positions, 
eliminating circuit interactions. CR3 should be a silicon diode, 
while CRl and CR2 should be germanium diodes. Typical 
(ypeiareMidwh on fiiesclieinBtlc but most available units will 
work satisfactorily. 

Fig. 5-18 details the means for obtaining local loop copy. 
V2 provides input to the detector circuit from the AFSK 
oscillator and isolates the transmitter input from the receiver 
audio output. If selecfor magnets are keyed throu^ a vacuum 
tube, no relays will be required in the system. 

If the vfo is shifted, the receiver will serve as the local loop 
m the same manner used to monitmr CW lapnils WltNi a 
mmitor is unavailable. 
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CHAPTER 




6 



Audio Frequency Shift 
Keying (AFSK) 



When you put an SSB transmitter on RTTY, it is apparent that 
using the microphone pickup for AFSK input is the most 
desirable method. While there are dangers in this method 
concerning noncompliance with FCC regulations regarding 
purity of emission, the advantages of being able in (be 
VOX circuits for switching and being able to transceive on 
RTTY make this approach worthwhile. If the transmitter uses 
a steep-skirted bandpass filter, such a system could yield good 
results. Indeed, the method of CW generation is introduction of 
an audio tone into the audio stages. 

Desirable qualities for an AFSK circuit are: 

1. Negligible harmonic generation 

2. Freedom from keying transients 

3. Ability to reverse shift 

4. Equal mark and space amplitude 

5. Wide and narrow shift capability 

6. Ability to use low and high frequency tones 

7. Easy to build and align 

AFSK WITH SSB 

The circuit (Fig. 6-1) is a result of this analysis. Con- 
struction may be simplifled by the use of a pHUtiedi^rcuit 

board. The use of inexpensive integrated circuits further 
simplifies construction. Information is given for use with 2125- 
2975 and 1475-2325 Hz tone pairs. The latter tone pair was 
chosen as optimum from the standpoint of minimizing 
spurious signal generaticm Ui a transmitter wltii a 
bandpass filter. 

Circuit Descr^tlon 

A free-running unijunction transistor multivibrator is 
used as a frequancy-sbif ted pulse generator ninning at twice 
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the desired frequency. This pulse train is divided by two in an 
IC flip-flop, forming a constant-amplitude square wave of the 
desired frequency. The square wave is then filtered in a five- 
pole Butterworth low-pass filter which suppresses all odd 
harmonics above the fundamental frequency (even harmonics 
are not present in a square wave). The frequency of the 
oscillator is shifted by switching an additional resistance from 
supply voltage to the emitter of the unijunction. This provides 
more charging current to the capacitor and results in a higher- 
frequency pulse train. The actual switching is done using a P- 
channel FET as a switch to achieve the very high off 
resistance necessary for easy adjustment of the shift. The 
PET is driven by a differential amplifier which senses the 
keying loop circuit. This diffamp is used as a current- 
switching discriminator and allows us to reverse shift very 
easily by interchanging the input leads. The switching 
ttireshold is approximately -f 2v at the input, which may be 
conveniently obtained from the TTY loop supply current 
passing through a series resistor. 

The power supply (not described here) is merely a single- 
ended 12v supply. Regulation is not particularly critical, and 
the current drain ia only S5 ma. 

Construction 

The AFSK unit, with the exception of the power supply, 
frequency determining potentiometers, and input coupling 
circuit, is built on a plug-in printed-circuit board. Pay par- 
ticular attention to align the key on the semiconductor com- 
ponents with the key on the circuit board and you cannot go 
wrong. If you are not using a printed board, pay close attention 
to the basing diagrams given in Fig. 6-2. The 88-mh coils are 
the surplus tclepiionc loa ding toroid^^iQEidare readily available 
at very reasonable prices. 

Since reversing shift is not normally done after initial 
installation, the switch for this function may be omitted if 
desired. The plug-in socket may be wired so that turning the 
bfitard over in the socket reverses the shift. 

Alignment 

After applying power to the unit from a suitable source the 
operate-standby switch should be positioned to OPER.'\TE. 
With the reversing switch in normal, the 25K potentiometer 
should be adjusted k» the hum tone. Next, apply ap- 
proximately 4v to the input: a jumper from the cathode of the 
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Ffg. 6-2. Base diagrams. 



zener to the input will do. Now adjust the lOOK potentiometers 
for narrow atiid wide sli^ Idnes. 



Keying Circuit 



The keying circuit is shown in Fig. 6-3. Other schemes can 
be used; however, they should be examined to make sure that 
they will not place over 6v on the input of tlie differential 

amplifiers.. 

This AFSK unit represents an advance over many other 
designs. Its freedom from keying transients and harmonic 
generation should help clean up some of the signals heard on 
the band. The presentation of a design for the lower tone pair 
allows use with many transmitters without modification. 
Economy semiconductors and integrated circuits are used, 
and the cost of buildmg the unit with all new parts shmild be 
about $10. 
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Fig. 6-3. Keying circuit connection. 
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Fig. 6-4. Schematic of AFSK tone generator. 



A MAGNETIC REED AFSK TONE GENERATOR 

The audio frequency shift keying (AFSK) generator 
described here uses a bare mitibtiiim of parts (Fig. 6-4). It 
gives a reasonably good sine wave output and, using the 
keying technique included, a minimum of transients or bias. 
The keying technique referred to is the application of a new 
device, the magnetic reed relay, to a Teletype keyer. The reed 
relay can be used not only to key Ms AFm genera^r, btit 
standard FSK units as well. 

Simple circuits published previously have contained at 
least two transistors and a reasonable amount of other soft- 
ware. The schematic shows this oscillator to have only one 
transistor and a miidmum of otfa^ eomi^oneSite. The actual 
audio shift is accomplished by switching an acMitional 
capacitance in parallel with the toroid to lower the tone on 
mark. On space, the switch is open and a higher tone (from 
less parallel capacitance) is generated. Although Cs and Cm 
are shown as one capacitor each, they are in reality several 
capacitors paralleled to give the desired resonant frequency. 
For such work, you cannot rely solely on the marked value of 
the capacitor. Tolerance variations can play havoc with 
combinations set up in that manner. Rather, true trial and 
error^oald be used to determine the values after the rest of 
the circuit is completed. 
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Frequeney Determinatton 



For newcomers, the ase isi Ossajous Figures is the most 

practical method of audio frequency determination. Briefly, 
setting up the circuit shown in Fig. 6-5 will allow frequency 
matching to within a small percentage. The source of the 
standard frequency will be investigated later. For the time 
being, such a standard is merely a known-to-be-accurate 
signal source. While observing the scope face, try various 
small capacitors of the approximate suggested values (or use 
a capacitor decade box if one is available) until a circle or 
ellipse appears on the screen. When that happens, the two 
audio sources are within one hertz of each other. 

Another method may be used for those lacking an 
oscilloscope. This technique, almost forgotten in amateur 
circles, is one using audio beats to matdi frequency. It per- 
mits matching to within one hertz, and gives a better result 
than Lissajous Figures for tones separated by several hertz. 
The audio beat method involves feeding the standard tone into 
a loudspeaker and the AFSK generator to be calibrated into 
anotfier (bofli through amplifiers, of course). As the generator 
frequency is adjusted to that of the standard, using trial 
capacitors or a decade box— as above— audio beats, that is, 
variations in amplitude, will be heard. When the beat 
frequency is less than one or two per second, the two mutio 
tones are matched within one hertz. 

Since exact frequency tolerance is not needed, it makes 
little difference to the receiving operator whether your mark 
is 212S.0 Hz or 2126.7 Hz. The audio beat method is perhaps. 
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better suited to the newcomer Wit^ only a limited audio 

reference source, at say, five hertz separation between tones, 
the oscillographic Lissajous Figure will be a meaningless 
blur, while audio beats will be present at a rapid rate. Thus, 
adjusting the tones by the beat method, once slow beats are 
obtained, the frequency is within fair limits. 

Frequency Standards 

Although much has been said so far about the standard 
frequency, details have not yet been given. Such a standard 

should be capable of supplying the mark frequency, 2125 Hz, 
and the space frequency, 2975 Hz, at a reasonable level of 
accuracy, stability, and sine waveform. Perhaps the easiest 
standard to use is another AFSK generator, known to be ac- 
curate. Such a generator could be borrowed from a friend or 
its signal used over a strong VHF link. Alternatively, a 
calibrated audio generator could be set up for the 2125-Hz 
mark and 2975-Hz space tones. A third method is available to 
the amateur who has an operating demodulator. Tune in a 
strong carrier on the receiver, as from the transmitter's spot 
function or the 100-kHz crystal calibrator, and adjust the bfo to 
give the proper tones for Teletype. To calibrate the generator, 
adjust the standard to produce the tone for space (2975 Hz). 
Adjust Cs until the AFSK unit produces the correct space 
frequency, as measured by either of the frequency matching 
methods above. Close the switch grounding Cm and move the 
standard to the mark tone (2125 Hz). Adjust the value of Cm 
for the correct mark time. Recheck the space tone to be sure 
interaction has not changed it. Feed the signal of the AFSK 
generator into the mike input of your transmitter, and adjust 
the level control for 100 percent modulation, connect a key at 
J2 or a mike at J3 (for the CW or phone identificatioa 
required). 

If you connect this dbrectly to your keyboard contacts you 
may have some problems. First of all, the generator must be 
keyed "dry." That is, there can be no current or voltage on the 
keying line. Second, the contacts used to key must be clean. 
While not so much of a problem Hfiih a keyboard, the rotating 
contacts of few TD's are clean enough to key this circuit 
without hash. The solution to these problems is to key through 
Of contacts separate from the Teletype loop. 

MagneUc Reed Relay 

For years, the caly way to do this was by a polar x^j. 
Other, spring-returned, mechanical relays differed too mudi 



to their make vs break current to key without bias (changing 
the length of the 21 msec Teletype pulses). Recently, however, 
a new device — the magnetic reed relay— has come upon the 
scene. Literature has described this device as being able to 
operate upwards of 2000 Hz. If a 2000 Hz signal were fed to the 
activating eclil, ttlil eoiitacts would make aiid break 4000 times 
a second. Each actuation would be 0.25 msec long. It appears, 
therefore, that the relay could operate on the 21 msec Teletype 
pulses. Such a relay was procured from a local supply house, 
and a coil wound on the form enclosed with the relay. The coil 
im several thbtisaiids turns of 32-gage wire, and a DC 
resistance of 45 ohms. It readily pulls in on 40 ma, thus tlte^lSO 
ma local loop current assures positive action. 

Transmitting tests using the relay to key the low 
frequency FSK rig showed no detectable bias. The relay was 
then installed into the loop as shown in Fig. 6-6. The magnetic 
relay is now used for keying both the AFSK aiidi^ r|gj|^ WtQl 
excellent results. 

Construction techniques are entirely up to the builder. The 
AFSK oscillator may be built on a small piece of perf-board 
and mounted in a minibox with its complement of jacks and 
switches. The magnetic reed relay, could be attached to a 
piece of printed circuit board for support, then mounted 
behind the Teletype patch panel. 

The circuit shown here is a fast and easy way to transmit 
on VHP Teletype. It is not recommended that the output of this 
particular AFSK generator be fed to a sideband transmitter to 
attempt low frequency FSK. The output of this circuit, while a 
reasonably good sine wave, is not perfect, and some spurious 
sideband generation may result The relay keying i^euit is 
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Fig. 6-7. Schematic of a transistorized AFSK. 

applicable to all phases of Teletype, and can be used in 
preference to a standard polar relay. If reversal of the tones or 
keying mode is desired, SPDT reed relays are available. The 
total elimination of a bias supply (needed with a polar relay) 
and the ability to separate receiver aod tra^Bittt^ tam the 
same frequency and still maintain local copy are easily ap- 
preciated. 

A TRANSISTORIZED AFSK 

An AFSK unit using a unijunction transistor develops a 
sawtooth oscillation, not a sine-wave, but woilcs satisfoctorily 

00 2 meters. 

The unit may be built on a breadboard and operates on a 
self-contained battery supply. 

In operation, merely unplug the frequency shift cable 
running into the transmitter and insert it into the tran^tor 
AFSK. Adjust the frequency shift control on the TU to give the 
proper shift as indicated on the tuning eye and scope. 

The unit, Sbown in Fig. 6-7, uses a 2N492 transistor which 
is rather expensive, but a 2N1671 Texas Instrument should 
work as well. The voltage is 20 to 30 volts DC. Caution must be 
taken with the unijunction not to ground the emitter ia 
operation, for this will damage the junction. 

Five volts rms was developed on the audio output, Which 
will drive any audio circuit. 

The unit may be used as an MCW oscillator by breaking 
the battery supply and insertii^ a key. 

TWO-TONE OSCILLATOR 

This oscillator has some of the same design charac- 
teristics of other oscillators except that transistors are used 
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rather than vacuum tubes. The oscillator discussed here can 
be keyed on either mark or space pulses. 

AFSK operation requires a reasonably stable audio 
oscillator that will supply standard tones of 2975 cycles for 
space and 2125 cycles for mark v^^en keyed from the keyboard 
of the teleprinter. The two output tones are simply fed into the 
input of a modulator or into an SSB exciter which has very 
good unwanted sideband and carrier suppression. 

Transistor Ql (Fig. 6-8) is the oscillator. The oscillator 
inductor is an 88-mh toroid type telephone loading coil. This 
inductor is noted on the schematic as Ll-A and Ll-I-3. Notice 
tliat capacitors CI through C8 are utilized for tuning the 
oscillator and should be high-grade mylar, paper or mica. Do 
not use disc ceramic types. When adjusting the oscillator 
frequency, be sure the entire circuit is complete and the 
keyboard is connected in the circuit. Tune the space frequency 
(2975 cps) with the keyboard circuit open. Tune the mark 
frequency (2125 cps) with the keyboard circuit closed. 

Circuit Description 

The output from the oscillator, Ql, is RC coupled to the 
base (input) of Q2, which serves as both an amplifier and 
isolating stage. The output of Q2 is coupled through an in- 
terstage transformer to the base (input) of emitter follower 
Q3. From the output stage, Q3, the audio tones are fed into the 
converter, for local copy, and into the modulator or SSB ex- 
citer. Converter input is taken directly from the emitter of Q3, 
ixitile&e iNi^iitte^ iNr ti^e ka^ may be adjusted and 
is coupled out from the arm of the emitter load resistor, R2. 

Construction 

The two-tone oscillator is quite simple to construct on a 

printed circuit board. Only a small drill, small soldering iron 
and simple hand tools are needed. Provisions may be made to 
mate the printed circuit board with a connector for plug-in 
use, or the circuit board may be wired directly into associated 
equipment. All parts listed for this project may be purchased 
from your local distributor. However, a well stocked junk box 
should produce most of the parts required to complete this 
circuit. The 88-mh coils are reftdi^ obtainable from snrpios. 

Adjustment 

The relay is set for a pull-in current of approximately 8 
ma. However, other relays with equal coil values may be used 
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I 1 01 

Parts List 

All resistors Vi watt 
All condensers 100 volts 

CI, 2, 3 plus C8 equal approx. .0398 mfd (2125 cps tone) 
C4, 5, 6 plus C7 equal approx. .03^ nnfd (2975 cps tone) 

LI A, LIB— see text 

Fig. 6-8. Two-tone oscillator for RTTY. 
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in this circuit. Relay current is adjusted by potentiometer R14. 
This adjustment is made by breaking the circuit between R14 
and one side of the relay coil and inserting an appropits^lH 
meter. 

Oscillator output level is adjusted to obtain equal output 
airplitude for both tones. This is done by keying the printer 
and adjusting Rl until there is no difference in the transmitter 
plate current readings during mark and space times. When 
tiiis adjustment is completed, tone output of the transmitter 
will be eqiial fw hoQi tmtk and i^oe. 



A NOVEL AFSK OSCILLATOR 



The standard capacity-switched LC oscillator leaves 
much to be desired. Switching a discharged condenser into an 
oscillating circuit causes a pause in the oscillation, resulting in 
a shortened mark pulse. Switching transients above the 
normal output level were seen, which can cause over- 
modulation or require operation at reduced modulation levels. 
The switched-C oscillator does not normally have equal mark 
and space output levels, and cannot easily be adjusted to exact 
frequency. It does have the advantages of simplicity and 
excellent stability. 

If the added mark capacity were very small compared to 
the normal circuit capacity, tiie oscillator circuit Q and im- 
pedances would be nearly eon^nt and there would be no 
switching problem. A large shift can be obtained from a very 
small added capacity only if the operating frequency is high, 
as in a beat-frequency audio oscillator. Such a shift bfo 
produces an excellent switched waveform having easily ad- 
justable shifts. Unfortunately even a carefully designed 
transistor bfo has very poor long term drift problOins. tbat 
make it unsuitable for RTTY work. 

is one type of osdllater admirably suited to AFSK 
service, but apparently never used. It has good stability, 
constant output, shifts instantly and without transients, and is 
quite easy to shift and adjust— the relaxation oscillator! 

Look at the characteristics of two relaxation circuits. Fig. 
6-9. The neon bulb is probably the more familiar, but the 
unijunction is more stable and will be used in this oscillator. 
The output amplitude is determined by the device charac- 
tarisKcs, not by the frequency-determining R and C. The 
frequency is easily and smoothly shifted if the charging 
resistance R is changed. The sawtooth output is easily 
smoothed into a sine wave by a low-pass filter. 
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mON UNMimCTION OUTPUT* MTH TVWt 

Fig. 6-9. Relaxation oscillators. 



Fig. 6-10 shows the circuit of an AFSK relaxation 
oscillator. The unijunction transistor is an inexpensive and 
stable solid-state equivalent of the neon bulb. Its operation will 
b& described only briefly here. 

Opieration 

The unijunction is operated with 4-20 volts on base two. 
The emitter is an open circuit for voltages below about 10 
(varies with the transistor). As condenser Cl charges through 
resistors Rl through R5, its voltage bulds up to 10 volts. At this 
voltage, the emitter to base-one junction breaks down, much 
as the gas in a neon bulb, and discharges Cl. This cycle 
repeats, producing thefomiliar sawtooth voltage across Cl. If 
the charging resistance is returned to the same voltage point 
as base two, the relaxation frequency is remarkably in- 
dependent of voltage and temperature variations. 

The generated sawtooth voltage is isolated by emitter- 
follower Q2 and fed into a low-pass filter. As seen in Fig. 6-11, 
the filter cuts off above the space frequency (2975 ops) and is 
almost 40 db down for all harmonics of both the mark and 
space frequencies. The ou^ut waveform is a very good sine. 
The input resistor, R12, can be set so that the output voltage 
varies less than Vz db over the range of 2125-2975 cps. 

Inductors Ll and L2 are the familiar telephone loading 
toroids. L3 is a toroid removed from a surplus filter. Con- 
densers C2 Qirough CS sliould be low toss units sudi as mica or 
polystyreme selected for proper value on a bridge. 

After filtering ,the tones are amplified by Q3. R14 is set to 
jarevent overloading of Q3 at maximum level. 

Keyii^ is accomplished by saturating (mark) or cutting 
off (spaee> trassislM? Ql. "V^i^ ^ cut off, Qi oscillates at a 
space frequency determined by the sum of Bl throu^ R5. 
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Fig. 6-11. Low-pass filter characteristics. 



Diode Dl does not conduct. With Q4 saturated, R8 causes Dl to 
conduct at a constant 6.8 volts regardless of the setting of the 
shift pot R3, and Ql now oscillates at a mark frequently 
determined only by R4 plus R5. The shift is adjustable from 
100 ops niininuim to 850 cps maximum by rotating a poten- 
tiometer, but the mark frequency is held at 2125 ops by diode 
Dl. Narrow shift for identification is provided by pui* switch 
Si or a miniature relay for remote ID switching. 

Q4 is keyed to mark by a one-milliamp positive input 
current from any source over five volts. The change from 
space to mark is very sudden and non critical. Diodes D2 
through D4 protect Q4 from loop voltage transients. The input 
may be connected across shunt resistors in the loop (100 ohms 
for 60 ma loop; 300 ohms for 20 ma loop) or directly to the cold 
side of a positive voltage keyboard. 

Calibration 

Set S2 to mark (Fig. 6-12) and adjust R5 for a 2125 cps 
output. Now set S2 to space, turn R3 for highest frequency and 
adjust R2 for 2975 cps. Because of variations in unijunction 
transistors it may be necessary to change Cl to obtain the 
proper frequency range. With S2 still in space, R3 may be 
calibrated directly in cycles of shift down to about 100, 
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depending on the exact characteristics of Ql and Dl. R12 is 
selected for constant output as the shift pot is varied over its 

range. With the oscillator connected to the loop, increass BiSI 
just past the point where marking occurs. 

A SOLID-STATE RTTY SYSTEM 

This unit provides a high performance solid-state AFSK 
oscillator and tuning unit for RTTY. Silicon controlled rec- 
tifiers site used to di-lve the printer magnet. Several of the 
earlier aniJlteior-dcsigned AFSK units generate a non- 
sinusoidal signal and then depend on filters to eliminate all but 
the fundamental component. The phase-shift oscillator 
described here has the good points of the earlier units— equal 
mark and space output levels, no switching transients, 
isolation from the keyboard, a simple shift system— plus the 
advantages of lower cost and simple adjustment and 
(peration. 

Circuit Operation 

The phase-shift oscillator is the simplest circuit found in 
common transistor circuitry. Two basic changes were made to 

this circuit. First, Rl was made adjustable (Fig. 6-13) to set 
the mark frequency (2125 Hz) . Secondly, R2 is tapped and 
an FET placed between the tap and gFound. 

An FET will conduct as long as the gate-source and gate- 
drain junctions are not reverse biased. With the gate groun- 
ded, the U112 FET exhibits about 500 ohms between source 
and drain. However, when a positive voltage (greater than 6 
volts the UH2) is allied from gate to source, the U112 is 
pinched-off. In the pinched-off state the resistance from 




Fig. 6-12. The completed novel AFSK oscillator unit. 
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Fig. 6-13. The AFSK phase-shift oscillator used in the 
solid-state RTTY system. This circuit features equal 
mark and space output levels, no switching transients, 
isolation from the keyboard, and a simple shift system— 
an FET used as a resistor. 

source to drain is extreitt^ M0i and can t>e considered to be 

infinite for our purposes. 

With positive voltage on the gate of the U112, the phase- 
shift circuit is unaffected and the mark frequency can be set 
with Rl. When the gate is grounded (positive signal removed) 
the cimducts, placing 50D oiims across a portion of R2 
loweringthe resistance of this arm of the phase-shift network, 
and raising the frequency of the oscillator. In this state, the 
space frequency (2975 Hz), can be set with R2. 

As long as a voltage greater than six volts is applied to 
its gate, the U112 will be pinched-off. This gives complete 
isolation from any resistance changes in the keyboard— if the 
divider network is properly designed. The circuit values 
shown draw a little less than 10 ma through the keyboard 
contacts to keep them clean, and any changes in keyboard 
contact resistance are small compared to 3K ohms. 

The positive signal for the gate can be derived as shown, 
or from the printer local loop. In either case be sure to have a 
small resistor from gate to grouiKl. The input resistance of 
these devices is so high that a charge on the 10 pf gate-source 
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capacitance will take a long time to decay ( the better part of a 
second!) unless shunted by a much smaller resistance. The 

decay has the effect of slurring the markspace transition, and 
is slow enough to be easily beard. Also, be sure not to exceed 
the gate<sdai«e brmkimiH vn^ttag^, Mt0& dt 20 volts 
maximum for the U112, 

Output of the oscillator is several volts peak-to-peak. The 
fixed resistor in the collector circuit isolates the output load 
from the phase-shift network. Without this, setting the output 
pot to the collector end loads the network and reduces the 
frequency of oscillation. The oscillator a.s shown is sensitive to 
supply voltage changes so a regulated supply is necessary. 

The terminal unit poses more of a problem. Tliere are 
several good transistorized circuits available, but they all use 
30 volts or less to drive the selector magnet. The selector 
magnet will not pick up properly unless the change of current 
versus time is large; this requires a large voltage driving the 
magnet. Most printers wffl not print properly with a 20-volt 
supply, but will with a 100-volt supply (both at 60 ma, of 
course) . A solution to this problem might be to purchase some 
of the high-voltage transistors available. However, in this case 
the SCR equivalent of the thyratron commutator was used 
(Fig. 6-14). This is simply a method of switching a DC load on 
or off using two SCR's. Essentially, when SCRl is on, and 
SCR2 off, point A is grounded and load 1 is activated. When a 
positive control signal arrives at the gate on SCR2, it turns on, 
grounding point B. Capacitor Cl has been charged to the 
supply voltage and grounding point B applies a negative 
voltege to point A, the anode of SCRl, turning it off. SCRl will 
stay off if its gate is less positive than the necessary trigger 
signal. A signal at the gate of SCRl will reverse the action. 
With this commutator to carry the cumait for the selector 
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Ftg. 6-14. Basic SCR circuit which Is used 1o drive the 
printer magnet. 



151 



•fIZO 




Fig. 6-15. The complete SCR printer-magnet driver circuit 
with the trigger Q3. 



magnet (at any voltage up to several hundred), the only 
requisite was to fine a suitable triggering circuit. 

Fig. 6-15 shows the triggering circuit, along with the SCR 
circuit. With Q3 off, there is no voltage across R4 and about 3 
volts across R3, which can be set so that SCRl fires. When a 
positive voltage is applied to the base of Q3, turning it on, 
about 3 volts appears across Rl, which can be set so that SCR2 
fires. The voltage across R3 drops when Q3 conducts, 
removing the gating signal from SCRl. When Q3 is turned off 
the action reverses again. 

With this circuit it is a simple matter to adapt one of the 
discriminators to drive the switch. Fig. 6-16 shows the whole 
circuit. Diodes 1 and 2 provide simple limiting. This is 
adequate for strong signals. For weaker signals, a bandpass 
amplifier with AGC might be added ahead of this circuit. The 
rest of the drcait is self-explanatory except fior Rl. This 
provides no-signal bias to Q3. 

Tunable inductors were used to make adjustment of the 
discrimuiator easy. 

Tune the system, place the reversing switch to normal and 
the standby switch to standby. Apply a mark signal (2125 Hz) 
to the input and a VTVM to the test point (TP) . Tune the mark 
filter for maximum voltage at TP. Switch the input to a space 
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Fig. 6-17. Front and back view of the solid-state RTTY 
unit. On the front panel, top, the AFSK Is to the left, the TU 
on the right. The ten-turn pot on the extreme left is not 
used. In the back view, bottom, the TU controls are on the 
left, AFSK on the right. The power transformer and filter 
capacitor are nnounted In the center. 

signal and tune the space filter for minimum voltage at TP. 
With a large enough signal, this voltage should go negative. 

Remove the signal and vary R2 through its range. The 
voltage at TP should go from zero to some maximum, with a 
sharp knee around 3 volts. This knee marks saturation of Q3 
and should be noted. R2 is set so that the no-signal voltage at 
TP is midway between zero and the saturation point. 

Now apply a mark signal again and adjust the gain so that 
Q3 saturates. Switch to a space signal and the voltage at TP 
should go negative. If the voltages from the discriminator are 
not symmetrical, ad}tistR2 slightly so (liat a reasonable signal 
will saturate Q3 on mark and cut it off on space. 

Set R3 and R4 to ground and R8 and R5 to their mid-point. 
Apply a mark signal and switch the standby switch to operate. 
Increase Rl slowly until SCR2 fires. This is noted by the jump 
in current and by the selector magnet pulling in. Adjust R5 for 
the desired 60 ma. Now switch the input to a space signal. 
Increase R3 slowly until SCRl fires. This should be noted both 
by a change in the current and by the selector magnet drop- 
ping out. Adjust R5 for the same current as drawn by the 
selector magnet. A little playing around with R3 and R4 may 
be necessary to get the proper switching ao^^from a weak 
signal. Now tune in a station and listen. 

The power supply is not shown. As mentioned, a zener 
regidated supply is necessary. The high voltage supply uses a 
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simple half-wave rectifier with RC filtering, the 1500-ohm 
current limiting resistor is included as part of the power 
supply. The regulation on this supply is not too important, as 
long as it will supply the 60 ma and maintain 100 volts or more. 

Both the AFSK oscillator and the tuning unit are built into 
a 3V2 inch relay rack panel and recessed channel as shown in 
the photographs. Operating controls are on the front panel 
(Fig. 6-17). Frequency and current adjustments are on the 
back, along with all jacks, the fuse, and power supply com- 
ponents. The AFSK oscillator is built onto a small circuit 
board atteched to flie front panel. The tuning unit is built on a 
similar board mounted parallel to the panel. The photographs 
show a ten-turn pot on the left (Fig. 6-18). This is not used and 
the space may be large enough to mount a 1" scope for tuning, 
if the desire and funds permit. 

On ttie weaker ssita^ons, garbled copy from fading is an- 
noying and the bandpass filter with AGC as mentioned above 
would be valuable. 

A VERSATILE, CRYSTAL-CONTROLLED AFSK 
GENERA'TOR 

This AFSK generator uses digital IC's. In addition to 
IHTOviding an accurate source of mark and space tones (ac- 
curate to less than 1 Hz with tone amplitudes within 1 db of 
each other) it also contains a microphone preamp. The 
generator displays no keying transients, and thce^inietiKids of 
keying are provided. 

It is conceivable that a generator could be designed using 
a stable 425-Hz source and then selecting the 5th and 7th 
harmonics to produce the mark and space tones of 2125 and 
297S Hz. However, no practical means of execute 13dis idM 




Fig. 6-18. Top view of the solid-state RTTY unit. The 
tuning unit circuit board is on the right. The FET in the 
AFSK oscillator is soldered to the pot In the upper 1^ 
hand corner of the chassis. 
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Fig. 6-19. Block diagrams showing evolution of tone 
generator development. 

was apparent until Motorola RTL digital IC's came on the 
market at a reasonable price. Although the IC canilDt be used 
to multiply, they can divide. So, the design concept was 
reversed (Fig. 6-19): 

If two frequencies are each harmonics of another 
frequency, it follows that they are also sub-harmonics of still 
another frequency. In this case 2975 and 2125 Hz are the 5th 
and 7th sub-harmonics of 14.875 Hz. Now, we have arrived at a 
single signal source to provide both mark and space signals. 

Since this device is to be used on 2-meter FM, sufficient 
audio was required to drive the primary of the usual carbon 
microphone transformer. An RCA CA3020 IC audio amplifier 
is adequate for this purpose, and it doubles nicely as a 
microphone preamp as well. However, there is the problem of 
transforming the IC divider's square wave output into sine 
wave tones. This is accomplished with a low pass filter 
following the audio amplifier, suppressing the square wave's 
higher harmonics, and producing sine waves. 
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The original idea is shown in Fig. 6-19A. The new approach 
presented the problem of passing 2975 Hz through the low pass 
filter with less than 1 db attenuation, and, at the same time, 
Suppressing 4250 Hz (the se^cQ^id harmdnic of 2125 Hz) to at 
least 40 db down. However, this turned out not to be a problem 
since, according to Fourier, there are no even harmonics 
generated by a SflSBttetrical square wave— just odd ones. So, 
if the input treqxim'^ of 14,875 Hz is doubled to 29.75 kHz, we 
can then add a disfflie»'by-two stage after the divide-by-five or - 
seven stage. No%llte lowest frequency to be concerned about 
is the third harhi^iie of 2125 Hz, or 6375 Hz. It is taken care of 
by thegteplestti oiPder Chebyshev filte". (Fig. 6-19B) . 

One way to obtain the basic 29.75 kHz signal source would 
be to use two cross-coupled NOR gates in an astable 
multivibrator. But these could be trouble-makers, since the 
oscillation frequen(^ can be affected by supply voltage and 
temperature vafla&Mii^. Anoffief possibihty would be by use of 
a unijunction trai^tor relaxation oscillator. It is relatively 
immune to voltdgd changes and can be temperature com- 
pensated. 

An even better approach is by use of a crystal oscillator. 
Crystals at 29.75 kHz are expensive. But a surplus FT241 
crystal that is the 16th harmonic of 29.75 kHz is easily and 
cheaply obtained. The crystal used is marked Channel 57, 25.7 
Mcs, eiit fofr 47S.a2S9f2S fclfe. St, the fihal configuratidti m Fig. 
6-19C evolved. 

The 476-kHz oscillator precedes a divide-by-sixteen stage. 
Then comes a divide-by-five or -seven stage, followed by a 
.cUvide-by-two stage. The latter f^eds the audio amplifier, 
IbtlGwed by a low passlHlc^. IThe ^ult pure, stable, crystal- 
controlled mark and space tones. 

Circuit Details 

1. 476 kHz square wave generator— NOR gates GlA (Fig. 

6-20) form an astable multivibrator with a free running 
frequency slightly below 476 kHz. Potentiometer Rl controls 
thsit fieqtteniey. When dfj^tal Yl is hung across the two inputs 
to the gates, it tries to synchronize the frequency to its own 
resonant frequency. Synchronization, of course, depends upon 
the free-ruiuiing frequency, therefore, asRl isvaried, SOiS flie 
frequency, by a slight amount. 

2. Divide-by-sixteen stage— A simple binary counter is 
assembled by the J-K flip-flops. FFIA, FF2A, FF3A and 
FF4A. It divides the input frequency by 16. Therefore, if the 
input is 476 kHz, the output will be 29.75 kHz. Although the 
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Fig. 6-20. Digital mark-space tone generator schematic 



more observant may note the counter actually functions back- 
wards, this configuration was used for wiciiig convenience. 
Either way, fmriM orbackward^i II; lal^ 10 ^lelbd 61 tej^iit 
frequoicy to get one cycle of output frequency. 
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S. Divide-by-five-or-seven stage— The heart of the AFSK 
gmerator is the divide-by-five-or-seven stage. Before 
detailing how this eifcuit is used, we should first review the 
Motorola RTL logic circuits. First, the simple NOR gate: if 
any input is high, the output is low. If we use positive logic, 
(i.e., high voltage is i, low voltage is 0), a truth table far af- 
input NOR gate would look like this: 

Inputs Output 
A B 

0 0 1 

1 0 0 

0 1 0 

1 1 0 

The J-K flip-flop is more complex. Basically, it has three 
inputs and two outputs. Set, clear and trigger are the terms for 
inputs ; outputs are 0 and 1. In the 0 state, the flip-flops 0 output 
is high and the 1 output low; in the 1 state, the 0 output is low 
and the 1 output high. To place the flip-flop in either of these 
states, various combinations of the inputs are used. 

If both the set and clear inputs are at a logic 1 level, and a 
Hevel pulse is applied to the trigger input, the flip-flop 
changes state, or reverse itself. If the set input is at a logic 1 
level, and the clear input at a logic 0 level, and a logic 1 pulse is 
applied to the trigger input, the flip-flop goes into the 1 state. If 
the set input is at a logic 0 level and the clear input at a logic 1 
level, a logic 1-level pulse applied to the trigger input WM 
induce the flip-flop into the 0 state. 

Referring to Fig. 6-20 note that the Motorola RTL J-K flip- 
flops operate slightly differently. The S, T and C inputs as well 
as the 0 and l outputs have little circles after them, denoting 
inverters. They invert the logic into and out of the flip-flop, 
thus converting a 0 to a 1 and a 1 to a 0. So, the truth table for 
the Motorola J-K fUp-Hop vrwM look like ^is: 



Inputs • Outputs • • 

S C 10 State 

0 0 Changes State 

10 10 0 

0 1 Oil 

1 1 No state Change 



• Before Ncgat^ft l^lse to T. 

• • After Negative Pulse to T. 

So, if the flip-flop is in the 1 state, the output from the 1 output 
(after it goes through the inverter) is low, or a 0 logic level. 
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Fig. 6-21. Mark condition waveforms. 



The Motorola RTL J-K flip-flop has an extra input called 
Direct Clear. This may be confusing since, if a positive pulse is 
applied to it, the flip-flop goes to the 1 state, regardless of the 
inputs to the other three input terminals. The Fairchild RTL 
series also uses this extra input, but terms it Preset, which 
more accurately describes its function. 

The divide-by-five-or-seven stage is formed by flip-flops 
FFIB, FF2B, FF3B and NOR gate GIC. Referring to the 
waveform diagram, Fig. 6-21, observe how the divide-by- 
seven state operates. Basically, these flip-flops form a divide- 
by-eight counter. However, when the fourth input cycle is 
received, FFIB and FF2B go into the 0 state, with FF3B going 
to 1 state. The positive going output from pin 8 of FF3B goes 
into the RC network R3C2, which is a differentiator. It takes in 
a square wave and produces a ^ike out, maintaining polarity. 
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The positive spike out of the network feeds the Preset input of 
FFlB, placing it in the 1 state. Thus we have deceived the 
counter into believing it has received an extra pulse. From 
this point on, the counter again counts nonnaUy. This ji§^ Jtbe 
counting. sequence: 

000 
001 
010 

oil 

101 

m 

111 

Note we have skipped the 100 state and it takes only seven 
input cycles to get one output cycles. 

Pin 9 of FF3B also has a differentiator following it, R2C1. 
l%eft FF3B goes into the 1 state, it produces a negative spike 
out. This is fed to NOR gate GlC. However, since the other 



FFIb + 
PIN 6 0 



FFIb + 
PIN 8 0 



FFZb + 
PINB 0 



FF3b + 

PINS 0 

FFIb + 

PIN 10 0 



Glc + 
PIN 10 0 



FF2b + 
PIN 10 0 



iJTruixLrijn_rLriJTjij" 



1 


I 


I 1 


1 


1 L. 


1 




r-i_ 






1 1 


1 

1 




1 




















1 




1 



FF4b + -I 

0 L 



PIN 8 



Fig. 6-22. Space condition waveforms. 
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input to GlC is high during the divide-by-seven sequence, the 
output is always low. During the divide-by-five sequence, pin 9 
of GlC is at a low level. Pin 10 has returned to -f 3.6 volts 
througli R2, thus the output is still low. 

Examining waveform drawing Fig. 6-22, we note that 
when FF3B goes into the 1 state, the negative pulse from R2C1 
is fed into GlC. Since pin 9 of GlC is already low, when pin 10 
goes low, a positive voltage appears at the output. Therefore in 
this divide-by-five state, GlC inverts the input to pin 10. The 
output from GlC is fed to the Preset input of FF2B. Now both 
FFIB and FF2B are placed in the 1 state, and the counter 
believes it has received 3 extra pulses. The counting seguoice 
appears like this: 

000 
001 
010 

oil 
111 

This time we have skipped the 100, 101 and 110 states and it 

requires only five-cycles at the input to get one cycle at the 
output. It is the level at pin 9 of GlC which determines whether 
the counter dMdes by five or seven. GIB simply inverts the 
input level for reversed keying. 

4. Divide-by-two stage— FF4B forms a simple divide-by- 
two stage. It takes the non-symmetrical square wave output 
from the divide-by-five-or-seven stage at 4250 Hz, or 5950 Hz, 
and produces a symmetrical square wave output of eith<a» 21^ 
Hz or 2975 Hz. This is then fed to the audio amplifier. 

5. Audio amplifier— ICl, and RCA CA3020 integrated 
circuit audio aniplilier (see Fig. 6-23), accepts the square 
wave from the divide-by-two stage and amplifies it when the 
function switch S2 is in Uie APSif position. Tone lievel pdtem 
tiometer R4 varies the level of the square wave into the am- 
plifier (Fig. 6-24). When switch S2 is in either the PTT or the 
voice position, ICl functions as a microphone preamplifier. 
The microphone is fed to pin 10 of ICl wUcb is the base of an 
emitter-follower. This follower's emitter is pin 1 of li^ and 
connects to R6, the Mic level potentiometer. The audio is then 
fed back into ICl for further amplification. 

The output impedance of ICl is about 130 ohms. Matching 
was achieved by using two transfomers, Tl and T2, with their 
voice-coil windings connected back-to-back. Tl is an Argonne 
AR-176 with a l2r3-ohm centertapped primary. 12 is an 
Argonne AR-164 with a 500-ohm primary. 

6. Output Network— There are three separate stages in the 
ou^ut network. R8 and R9 form a 500- to 430-ohm minunum 
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loss pad. C3, LI, C4, L2 and C5 form a five-section Chebyshev 
low-pass filter. RIO, Rll and R12 form a 430- to 600-ohm 16-db 
pad. The requiremeAte f««rBeIfl)^HKBt<ss fit^r ted tdHils fil^e 
arrangement. 

Since standard available inductors were to be used, the 
choice was confined to 11, 22, 44 or 88 mh. The filter had to be « 

db down at 6375 Hz. A large pad appeared to be necessary to 
isolate the low-pass filter from the load since the primary 
impedances of various carbon microphone transformers 
might differ considerably. Since it was desirable to lump most 
of the loss on the output side of the filter, it should have an 
impedance near 500 ohms to minimize the loss in the input 
matching pad. Using 22 mh in the design equations for the low- 
pass filter resulted in sin impedance closest td 500 ohms. It 
varies directly with the 40 db down frequency. Since the 
minimum 40 db frequency is 6375 Hz, that figure and 22 mh in 
lh»< eqiiatidiis mm out to m§ obms. 

R8 and R9 match the 500-ohm output of the audio amplifier 
to the 433.5-ohm input of the low-pass filter. Insertion loss is 
;about3.28db for this minimum loss pad. The low-pass filter is 
a five-section Chebyshev which means its skirt is fairly sharp, 
but It does have some ripple in the passband. It is about 1 db 
antlits 3 db point is above 3500 Hz. At 6375 Hz, it is 40 db down, 
and much more so, of course, at 8925 Hz, the third harmonic of 
2975 Hz . 

In computing loss through the low-pass isolation pad, it 
was determined that 4 to 5 milliwatts should be sufficient to 
drive most carbon microphone inputs. This figures out to 
about 20 db loss between the audio amplifier and output. The 
input of the low-pass filter already shows a 3.28 db loss through 
the minimum loss pad. Therefore, about 16 db would be needed 
for the output pad. RIO, Rll and R12 form this pad which also 
matches the output impedance of the low-pass filter to 600 
ohms. Using standard value resistors, the loss actually comes 
out to 15.53 db. This produces a total loss of 18.81 db in the pads 
and between 0 and 1 db in the low-pass filter. Shorting the 
output, the filter sees 407.8 ohms; with an open circuit, it sees 
454.4 ohms. The maximum variation between open and short is 
less than 6 percent, an excellent isolation. 

Meter Ml is an illuminated miniature VU meter (Fig. 6- 
24). This is a B-scale VU, where 0 VU is 1.228 volts rms, when 

used with the precision resistor supplied with it. This 
corresponds to -f4 dbm across a 600-ohm line, or about 2.5 mw. 
The external multiplier resistor can be changed to dlsj^y a 0 
VU reading for other levels if desired. 
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Fig. 6-25. Power supply schematic. 



7. Power supply— The power supply (Fig. 6-25) is fused on 
the input side. T3 is a 6.3 volt, I amp filament transformer. It is 
also fused on the secondary since a short probably would not 
take out the primary fuse. A slow-blow fuse is required 
because of the large peak currrats drawn due to the large 
value of C6. 

II is part of the VU meter, Ml. CRl is a full-wave bridge 
rectifier in a single neat package. C6 is a 10,000 mfd (.01 farad) 
25 volt capacitor (Fig. 6-26). Depending on load, the output is 
between 8 and 9 volts. Most of the voltage drop under load 
appears to occur in the transformer winding. Therefore, a 
huskier transformer should provide better regulation. Output 
powers the audio amplifier and the +3.6 regulator. 
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Fig. 6-26. Interior isdftorh view, showing plugboard. The 
bridge rectifier was mounted directly on the filter 
capacitor to avoid ground loop problems. Note the heat 
sink on I CI. 
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The regulator is required to supply +3.6 volts to the digital 

IC's. The voltage holds steady under varying loads and 
eliminates any residue ripples that might leak through C6. 
Diode CR2 is a 3.6-volt zener. This regulated voltage is fed to 
pin 1 of IC2, an RCA CA3028A. IC2 is a high gain differential 
amplifier. Its function is to compare reference input on 
pin 1 to the regulator output on pin 5. The output is then fed to 
the base of Q2, connected to Ql in a Darlington circuit. So, if 
the output is higher than the reference, the output on pin 6 of 
IC2 is lowered. This in turn reduces the base current to Q2 
which lowers the base current to Ql. This drops the output 
voltage on the emitter of Ql . The reverse procesS oecucs if the 
output is lower than the reference. 

Although fair regulation might have been obtained with 
zener diodes, there was doubt about their performance at low 
voltages. This regulator maintains output voltage changes to 
less than .1 volt and there are no ripple or transient problems. 
Even this small voltage variation might be avoided by using a 
larger primary power transformer. 

Construction 

Although the prototype was developed on a Vector 3477 
DIPlugboard, constructors are advised to use standard unclad 
perfboard both for ease of construction as well as to minimize 

coupling between the close-spaced etched leads on the 
DIPlugboard. This type of board also is susceptible to ground 
loops. It is advisable, even using standard perf-board, to use a 
common ground point for the bottom ends of R4, R6 and R7 
and the ground ends of the bypass capacitors on pins 2 and 3 of 
ICl. 

Particular care must be observed in shielding, since 
harmonic-rich RF square-waves are beittg gftieMtififa. USe 
an RF tight metal box is essential. 

Fig. 6-27 should simplify identification in IC and transistor 
lead basing. Looking at the MC700P ICs from the bottom with 
the notch on the left, Pin 1 is on the left end of the top row of 
pins. The remainder of the pins are numbered consecutively 
clockwise. Pin 14 being on the left end of the bottom row. 
Viewing the CA3000 ICs from the bottom, note the little tab on 
the case. It is adjacent to the highest numbered pin. Pin 12 of 
the CA3020 and Pin 8 of the CA3028A. These pins are also 
numbered clockwise. The 2N4921, Ql, may be confusing. The 
case is rectangular plastic with three leads on the bottom and 
a copper plate on one side. There is a hole through it. Viewing 
from the bottom, with the copper plate up, the base lead is to 
the left, the collector in the middle, the emitter on the right. 
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Alignment 

Alignment is simple. Without connecting to the rig, 
jumper pin G to Pin H on TBI. Thi.s places a 600 ohm load on 
the unit. Place the function switch S2 to AFSK. Pots R4 and R6 
should be at minimum. Mode switch, Si, should be in either the 
M (mark) orS (space) position. When turning on the power, it 
should light. At this point, check for proper supply voltages. 
Using the original multiplier resistor that came with Ml as 
R13, adjust R4 until Ml reads 0 VU. This interprets to about ly^ 
volts across the output. 

A frequency counter, if available, should be used for 
alignment. Check the output of FFlA at Pin 14. Adjust Rl until 
the output is exactly 238 kHz. If no counter is available, ac- 
curate mark or space tones, either off the air from an obliging 
ham or from a tape standard can be used. Place Si to the tone 
you are aligning against, M or S, and connect the generator 
output to a scope. Use the output at Pin 1 on TPl (Fig. 6-28), 
since ttisis hi^ impedance and compatible with most scopes. 
Put the standard tone on the other scope input axis and adjust 
Rl for a 1 + 1 pattern on the screen. When one tone is adjusted, 
the other is automatically on frequency. A third method of 
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Ffg. 6'28. Reaf" sflm fi* unit. 



alignment is to use a 1430-kHz broadcast frequency. (WNJR in 
New Jersey for the East Coast). If an antenna is attached to 
the be receiver and placed close to the 476-kHz square-wave 
generator, you should hear a beat note, litis is tte third 
harmonic of the generator and the 1430-kHz signal. With the 
unit placed in the mark condition, connect the output to one 
axis of a scope. The audio of the be receiver goes to the other 
axis. Adjust as described earlier for a 1:1 pattern between the 
beat note and the mark tone. Actually, the square-wave 
generator is producing 475.95840 kHz and the mark and space 
tones are 2124.8143 Hz and 2974.7400 Hz, respectively. The 
maximum error is 0.26 Hz! 

Tuning of the low-pass filter is a simple matter. No test 
equipment is required. The only value to be adjusted is that of 
C4. Start with a value of Oi^ in^. Then add capacity in steps of 
0.001 mfd until the mark and space tones are within 1 db of 
each other as indicated on Ml. Now disconnect the jumper 
from term inals 6 and H of TBI and you are ready to hook it up 
to your rig. 

Three different methods of keying are provided (Fig. 6- 
29). If the local loop supply is grounded and well-filtered, 
break it at the ground point and connect to terminal D of TBI. 
The loop ground goes to terminal A. Jumper terminals B to D. 
In this configuration the local loop runs through R5. For a 60 
ma loop, R5 should be 27 ohms. With a 20 ma loop, R5 is 82 
ohms. In the mark condition, with current flowing through the 
loop, about -hl.6 volts appear on pin 9 of GlC with Si in the N 
(normal) position. This serves to inHibit GIB and causes the 
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unit to generate a mark tone. When the loop is open, or in the 
space condition, 0 volts appear on pin 9 of GlC, enabling GlC, 
and the unit generates the space tone. 

Polar relay keying is also provided by connecting the 
common to terminal B, the mark contact to terminal C and the 
.•^pace contact to terminal A. In this arrangement, GlC 
receives +3.6 volts through a IK resistor In the mark condition 
and a ground during space. 

Direct keyboard keying can be used by connecting ter- 
minal B to terminal C, and connecting the keyboard between 
terminals A and B. Although keying will be inverted, it can be 
corrected by placing Si in the R (reverse) position. The 
keyboard could be connected between terminals B and C for 
normal keying, but tliis would result in the input line on ter- 
minal B being left open during space. This could produce hum. 

It is assumed that Si is in ttie N (normal) position in the 
preceding instructions. In the R (reverse) position, pin 9 of 
GlC is no longer fed from terminal B of TBI. It is now con- 
nected to the output of BIB, which takes the input from ter- 
minal B and inverts it. Therefore, the keying is inverted. In the 
M (mark) position, Si connects the input of GlC to -f 3.6 volts 
through a IK resistor; in the S (space) position it gfotuijite the 
input to GlC. 

To apply the generator's audio output to the transmitter, 

any voltages connected to the primary of the carbon 
microphone transformer should be removed. Terminal G of 
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Fig. 6-30. Alternate output pad diagrams. 



TBI should then be connected to the high side of the trans- 
former and the low side to terminal F. Connect the PTT line 
to terminal £. With the transmitter in the standby condition, 
and the generator operating, placing S2 in the AFSK position 

should activate the transmitter. Advance the tone level pot to 
achieve approximately 100 percent modulation. Then select a 
value of R13 that displays 0 on the VU meter. Place S2 in the 
voice position and advance the mic level pot to produce about - 
3 VU while speaking normally into the microphone. 

In the event the audio levels are low for your particular 
transmitter, it might be due to a mismatch between the 600- 
ohm output of the generator and the microphone transformer. 
This could be remedied by connecting a 600-ohm center-tapped 
transformer to the generator's output, and then hooking the 
microphone transfohner between th<e low side and the center 
tap. We then have an autotransformer with a 600: 150-ohm 
ratio. Or the carbon microphone transformer could be 
replaced with another unit with a 600-ohm primary. 

If more output is desired, and it is evident you have a 600- 
(dim load for the generator, the 16-db matching pad could be 
replaced with a 430:600-ohm minimum loss pad as shown in 
Fig. 6-30. This pad has about a 5.2 db loss, and the low pass 
filter sees slightly more than 0.5 percent error in termination 
when the output of the pad is terminated in 600 ohms. This 
should produce an added 10 db of gain, provided the unit is 
terminated at 600 ohms. Or the 16-db pad could be replaced 
with an alternative 10-db pad. The gain in this instance is 
about 6 db in the output, but care in the termination value must 
be observed. Going from short to open circuit makes the low 
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pass niter see a variation of about 20 percent from its design 
impedance This is miiebfiFeatcr limn the 6^1^^ variation 
with the 16-db pad. 

Still anbtti^ Method 6t ob^ihing more gain is to short out 
R7. This raises the current drawn by the amplifier and may 
increase distortion. Or Pin 11 or ICl could be connected to the 
+9 volt line through a 1.5K resistor. Hiwever, these alter- 
natives may lead to amplifier instability, since the 3 db point 
of this little IC is about 8 MHz with a resistive load. It is usable 
up into (lie VHF range with tuned loads. 

Various modes of keying were tried in on-the-air testing of 
tiiis unit. While all appeared to perform normally and, as 
anticipated, scope patterns and analyses at the receiving ends 
ihdicated that the polar relay method produced the most 
accurate keying characteristics. If a relay is used, be sure that 
it is a well adjusted polar relay. This unit will follow keying up 
to near a 4 kHz rate. Any eontaet boiin«e Mil be faithfully 
reproduced by the unit. In all modes, there was favorable 
comment on the purity of the tones as well as their accuracy. 
Even the most exotic commercial counter was only able to 
detect a 1 Hz variation on either mark or space. 

Although there is an evident mismatch between the audio 
unit and the carbon mic input transformer of the transmitter, 
there was no evidence of insufficient drive to the audio am- 
plifier. No appreciable improvement was obtained using 
various external transformers, although any arrangement 
which can provide less than a 2 or 3 to 1 mismatch is desirable. 
Although the microphone is not used on the RTTY frequency, 
the same rig is switched to other 2-meter frequencies, so the 
unit can be left connected to the ta^nsmttte^ ait all times, and 
the microphone is available for use whenever desired. 

RCA has recently come out with the CA3020A and the 
CAliD^fiPj, newer models of the linear IC's used in this unit. No 
circuit modification is required to use these later versions, and 
almost 3 db metre gain ts available in Htm CA3020A than in the 
CA3020. 

Conclusion 

As one operator observed after listening to this device on 
the air and learning of its design and construction: "That is a 
complicated way to get a couple of simple tones." And so it is. 
However, for the experimenter who wishes to increase his 
familiarity with IC's and develop new techniques in obtaining 
standard results, working with these devices is both 
challenging and rewarding. 
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CHAPTER 




7 



Interconnections and 

Control Circuits 



One of the first problems encountered by newcomers to RTTY 
operations is the necessity of providing a DC loop circuit and a 
method of tying the various RTTY units together. The 
newcomer, naturaiUy, will possess a pristtor, £i receiving 
OQiiverfer and his communications receiver. 

RTTY INTERCONNECTIONS UNIT 

There are many vi^ays of interconnecting these units into a 
workable system, and here we will describe one simple way of 
accomplisliing the job. As you progress further into RTTY, 
you no doubt, «M ott^ow tils unit, but the primary purpose 
of this article is to get the newcomer started as easily as 
possible. 

For example, assume you are using a Model 15 (TG-7B) 
printer, a TG-11 perforator, a Transmitter-Distributor and an 
audio-type converter. 

A 110 volt DC power supply is needed to supply power for 
the printer magnets. An interconnections unit is necessary to 
#0wllxaimnit^ee^ve swltii»ngi;^ t^^ k€^ the FSK vfo unit, and 
to allow easy connection and disconnection (tf auxiliary 
egtiijpnient. 

The schematic (Fig. 7-1) shows an interconnections unit 
which accomplishes these functions. 

If your audio type converter has its own polar relay, the 

output of the converter plug^ into J4. This will key the 60 ma 
DC loop and any other units plugged into the other jacks. 

Incidentally, these jacks are of the closed-circuit type and 
are insulated from the chassis. 

Kl , the polar relay, is used to frequency shift key a Viking- 
2 vfo kcycr. SWl is used to provide mark-high or mark-low 
without retuning the receiver. K2, a SPST, UO-volt AC relay, is 
used to short out the converter during the transmission period. 
Voltage for this relay coil is obtained from the rear of ttie 
Viking-2. R3andR4 are metering shunts. Control R2 is used to 
set the loop curr^t as operating conditions determine change 
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to maintain tlie necessary 60 ma. The red connector (selector 
magnets) plugs into Jl, the black connector (keyboard) plugs 
into J2. These are the two lines from the p^iator^ *She tran- 
smitter-distributor plugs into J3. 

Theentireunit is built on a 8" x 6" x 4" chassis. The power 
supply used is a surplus RA-87 unit, but any good DC supply 
capable of delivering 100 ma will suffice. 

Parts List 

Kl— W.E. 215-A or 255-A polar relay with sodcet. 

K2— SPST llOv AC normally open relay. 

Jl, J2, J3 and J4— Closed circuit, insulated phone jacks. 

SWl— SPST toggle switch. 

SW2— DPDT toggle switch. 

Ml— 75 milliampere meter. 

Rl— 2,000 ohms, 10 watts. 

R2— 5,000 ohm potentiometer, 25 watts. 

R3 and R4— 20 ohms, 1 watt. 

CONTROL CIRCUIT FOR RTTY 

The circuit shown in Fig. 7-2 includes all the operating 
features that are usually desirable. The addition of the take- 
over key provides for taking over when the copy starts piling 
up at the end of the line, is overlining, or the machine is in 
i)|i^r case when it should be in lower, li any of these con- 
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Fig. 7-1. A basic RTTY interconnections unit. 



175 



I 




Fig. 7-2. Control unit. 
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ditions exist, morely operate the take-over key, then operate 
the proper keyboard k^ys to get the machine into condition to 
receive copy. The take-Over key does not put the transmitter 
<m the air. 

Another feature of this control circuit, that is of interest to 
those who want to control a transmitter using the VOX circuit, 
the applying of a negative voltage to the grid of the relay tube 
in the VOX circuit to provide the same control over the station 
they now have using VOX. Merely wrap a wire around the pin 
to the grid of the relay tube in the VOX circuit, and the entire 
iBtation is controlled by ont m^ML 

SIMPLE CURRENT C!CIN19il»iL^ 

Frequently the experimenting ham finds need of a device 
to control current in a circuit, rather than voltage. One 
example of such a need is in a RTTY local loop, where current 
^otddbe maintained at 60 ma (for a Model 15) even though 
line voltage, and, as a result, the DC supply voltage available 
for the loop may vary. Another example is the bleeder resistor 
of a power supply, which must always draw a minimum 
current but which is only wasting power if more than that 
mMmum is drawn. 

The conventional approach to this situation is to use a 
voltage much higher than desired across the load, and drop it 
through a high-valued resistor. For instance, RTTY circuits 
often use a 125-volt supply and a 2000-ohm resistor, so that 60 
ma can flow under short-circuit load. Small voltage changes 
then result in little current change. 

In the case of the bleeder resistor, the resistor value is 
merely figured so as to draw minimum permissible current 
with the minimum voltage expected. As voltage rises, so does 
bleeder current, but we don't worry too much about the wasted 
power. 

Tetrode Oiaracterisfics 

However, because of the unusual characteristics of 
tetrode, pentode, and beam-power tubes, it is simple to build a 
true constant-current generator, or controller, which can be 

set for any desired amount of current and which will maintain 
current flow very close to that value regardless of the voltage 
applied. 

Some extra voltage is still needed to operate the tube, but 
it is usually much less than needed to assure reasonably- 
constant current under voltage variations, were the con- 
ventional resistor hooliup employed. 
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Fig. 7-3. A simple current 
controller. 



The controller works because a tube with a screen gricl 
will, of both screen and control grid voltages are fba^ 
maintain a constant current flow regardless of plat^^td- 
cathode voltage (except at extremes of operating charac- 
teristics). Actually, the current isn't absolutely constant— but 
if, instead of holding control-grid voltage fixed, we obtain it by 
means of cathode bias, so that the bias increases as plate 
cun ciU (iocs, then the cathode current will remain virtually 
constant throughout the tube's operating range. 

The circuit is showii iifi the schematic (Fig. 7-3). No parts 
values are given because they will depend entirely on the 
individual application. The tube can be any screen-grid type 
which will pass the desll«lljiani»llttof current; in general, TV 
horizontal-output tubes seem to work best as their effective 
amplification is high. However, the 6V6 is also excellent. 

The screen voltage should be chosen to allow the desired 
current to pass with the grid voltage placed about halfway 
between zero and cutoff, u sh&uld be regulated by a string of 
NE-2's or VR tubes as shown so that it will not vary with the 
current. Rl is simply a dropping resistor and should be chosen 
SO that the NE-2's all light under operating conditions. 

The value of R2 will determine the range of current 
control possible. Its maximum setting should be such that 
cutoff voltage for VI will be developed by the minimum 
current desired. Then with the arm toward Vl's cathode, 
current will increase, and with maximiua teetettti^ ifi Ute 
circuit, current will be at a minimum. 

Circuit Operation 

To 8^ just how His works, let us plug in a few numbers. 
Let us assume we are using a 6¥6 for VI, and are holding its 
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sei^en voltage at 250 volts. Furthermore, we want to have 20 

ma current flowing in the external circuit. 

A look at the curves for the 6V6 shows that with a screen 
voltage of 250 volts, and the same voltage on the plate, a grid- 
to-cathode bias of 20 volts will allow 20 ma of current to flow. 
This 20 ma will develop the required 20 volts across a 1000-ohm 
cathode resistor. So we use a 1000-ohm unit for R2 and bring 
the grid back to the lower end (with a large pot, we set it for 
1000 ohms between grid and cathode). 

Now if the load should attempt to make current increase to 
say 25 ma, the grid bias voltage would also increase to 25, 
reducing current flow to about 9 ma. Of course, as the current 
flow dropped, the grid bias would drop accordingly; so that, as 
current passed 20 ma going down, the grid bias would be back 
at our20-volt starting point. The practical effect would be that 
the current never got a chance to change at all. 

If the voltage applied tO tt»e current<;ontrol and load 
together were to increase so that there were 400 volts across 
the 6V6 instead of 250, the 20-volt bias would still hold current 
to 21 ma. However, 20 ma of current would increase bias to 21 
volts, which would result m current dropping to about 18 ma, 
and, as before, it would stop before, dropping so low. The stop 
this time wouldn't be right at 20 ma, but would occur at ap- 
proximately 20.05 ma— which is fairly close control. 

l^ouM we want to dcfliberately increase tiie current from 
20 to say 40 ma, the tube curves tell us that grid bias should be 
13 V2 volts. Ohm's Law tells us that about 338 ohms is the size 
resistor needed to develop 13^ volts with 40 ma flowing^ so 
that's the setting for R2. 

Now an increase in load current from 40 to 60 ma would ' 
give us a bias increase to 21 '4 volts, which would in turn 
reduce current to about 20 ma, and on the way down things 
would lock up at 40 ma wh@re Qii^ started, jtst a^ fiNtfore. 

Thus, by making R2 adjustable, we can dial the amount of 
current we want to flow in the circuit, and the controller keeps 
that current constant. 

Should supply voltage drop so low that the screen voltage 
of VI drops out of regulation, the gadget fails. This can be 
overcome by supplying the screen from a separate source, 
because plate voltage can be allowed to drop far below the 
screen vaioe before the device sti^ wwlc^v BoweiveF, to 
many applications the major problem is a change in current 
drawn by tlie load. 

Used as a bleeder resistor, this circuit will draw only the 
amount of current it is designed to pull no matter how high the 



supply voltage goes (until VI Mows up from overvoItaEge 
around 1500 volts or so). 

Second-hand 6L6's are cheaper than 25-watt resistors, and 

far cheaper than lOO-watt bleeders. The wattage requirement 
in a bleeder comes primarily from the power thrown away by 
excess current at highest voltage ; this hoolcup will let a single 
6L6 bleed a 750-volt sup|dy, without wasting any current 
either. 
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The tuning indicator shown in Fig. 8-1 operates directly from 
the receivers audio output. It can be used as is if audio is talven 
from the high impedance phone output of the receiver. If a 
liw4£tipM«iri%l {»f>i^ output is an IMun to lOK 

step-up transformer will be required to iiisure an adequate 
signal amplitude at the grid of VI. 

DOUBLE-EYE TUNER 

An inexpensive two-shadow tuning eye tube is used. One 
plate tunes in mark for RTTY, or white in the case of FAX. 
The other plate tunes in space for RTTY, or black for the other 
mode. Two sets of filters are required, using either 88-mh 
toroids or 100-mh television-type inductors. The FAX filters 
are resonant at 2300 Hz (white) and 1.500 Hz (black) respec- 
tively. RTTY filters are tuned to 2125 and 2975 Hz. An ad- 
ditional 2295 Hz filter Iteltiitiil £of Ittaing in narrow-shift 

RTTY. 

Filter tuning is most critical of course and should be 
within a lew hertz. You can either purchase the tuned filters 
from hams engaged in the business or tune your own if 
equipment is available. If you decide to ftine the filters, a 
frequency counter, stable audio oscillator, and high- 
impedance electronic voltmeter with good frequency response 
is required. The equipment setup is shown in Fig. 8-2. A 2-meg 
resistor is used between the oscillator and the tuned circuij; 
under test to insure that a high Q is maintained. 

Most audio oscillators have a fairly low-impcclanco output 
(on the order of 500 ohms) which would decrease the Q of the 
tuned circuit. As a result, the tuning would be broad. The 
capacitor should be a high-grade mylar type. Tolerance of the 
capacitor is not critical since tuning will depend on adding or 
subtracting turns from the inductor or varying the tuning slQg 
if a 200-mh TV width control is used. 

Fig. 8-3 shows capacitor values for 88- and 200-mh in- 
ductors. Set the audio oscillator to the desired filter ttesmmm 
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Fig. 8-1. Circuit and equipment setup for tone calibration. 

with the aid of the frequency counter. Vary the oscillator 
amplitude until the velfmef^ (AC scale) indicates an ar- 
bitrary voltage. A low-amplitude output from the oscillator is 
preferred to minimize the possibility of saturating the in- 
ductor. Tune the filter for a maximum indication on the 
voltmeter. This insures parallel resonance. 

Because of tlie high Q of 88-mh toroids, it might be 
necessary to swamp it with a low-value resistor, allowing 
slightly broader tuning. TV vmm coils, ff used, are broad 
eaon^, making the resistor unnecessary. However, if 88-mh 
toroids are used, place a 150-ohm resistor in a series with one 
leg of each inductor. If the filters are too sharp, stations with 
shifts slightly divorced from the standard will be out of the 
bandpass and hot received. The described technique can e^o 
be used for tuning RTTY demodulator niters. 

When an RTTY station ts reoeived and the recdver is 

tuned to mark (2975 Hz), one of the tuning-eye shadows will 
close. A space signal will close the other shadow. The white or 
black transmission from FAX (2300 and 1500 Hz) will close its 
respective shadow. Shadow width is controlled by the lOK 
potentiometer ix^ich mAes tm $M drive at Vi. 

ADAPTER TO SIMPLIFY TUNING 

To get the best possible operation from RTTY gear, it is 
important that the receiver be correctly tuned to the incoming 
signal and that the shift on the FSK be correct. Fig. 8-4 
illustrates graphically the proper relations between the 
receiver tunmg and bfo settmg that we need for best results. In 
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Fig. 8-3^ OipacilcM' values f0rli»iRiid2OQ-fn1i inductors. 



the correctly tuned illustration, an optimum IF selectivity 
curve is shown, with a bandwidth just wide enough to pass the 

entire FSK spectrum. Obviously, the tuning is most critical for 
this bandwidth. Note that the bfo should be set 2550-Hz away 
from the center of the IF passband. It doesn't make any dif- 
ferent whether the bfo is above or below the IF, this will only 
swap the mark and space tones. The incorrectly tuned 
example shows the bfo set too close to the IF. Here, the space 
frequency will fall off the edge of the IF curve causing it to be 
weaker than the mark signal. This will result in errors, par- 
ticularly when noise or fading is present. If your receiver has a 
wider passband 1200 Hz, the tuning will not be as critical. 
However, it is very desirable to have the FSK signal centered 
in the passband. We then have the maximum tolerance for 
drifts, mistuning, etc. 

So we see that we need to dS^ two things. First, get our bfo 
settings correct and, second to be able to accurately tune in 
the RTTY signal so that it is in just the right place in the IF 
passband. The answesr to both ttiese req.uiremeQts is a good 
tuning indicator. aMtdonal a^ttntagd irf a good indicator 
Ib ^at we can set the shift on our transmitter correctly. 

'tfpea of Indicatws 

Many different devices have been used for RTTY tuning 

indicators. A list might include: 

1. Zero-center meter across discriminator load 

2. Neon bulbs on keyer output 

3. Electron-eye tubes on the mark-space detector output 
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4. Variable-angle scope display 

5. Flipping-line scope display- 

6. Detected-pulse scope display 

7. Scope cross-pattern 

Most RTTY'ers have their favorite indicator. However, 
the display which seems the easiest and fastest for the 

newcomer to learn to use is the cross-pattern oscilloscope. 
This method was originated by Merrill Swan, one of the 
pLoa&Sfs in ham KTTY. In this type of indicator, a correctly 
hmed signal with correct shift will produce a perfect cross on 
the scope face. As you tune through an RTTY signal with the 
receiver dial, the cross will first be small. It will attain its 
maximum size when the signal is correctly tuned; and, then, 
will get small again as we detune. If the frequency shift of the 
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Fig. 8-4. Tuning of RTTY signals. In A, the RTTY FSK 
signal is correctly tuned in a receiver with the ideal IF 
passband and the bfo is. properly set. In B, the bfo is im- 
properly set with the mark signal tn five IF passband and 
the space signal out of It. 
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F ig. 8-5. Circuit of a scope tuning adapter for RTTY. 



received station is incorrect, one arm of the cross will be 
shorter than the other. You can experiment with your con- 
verter to determine if a signal with ihe wrong shift prints best 
when tuned for maximum mark maximum space or in be- 

C^ss^Pattern Tuning Adapter 

Either a standard oscilloscope can be used as a cross- 
pattern tuning indicator or a scope tube can be added to the 
RTTY converter. The simplest way of driving the scope is to 
feed (lie horisontal input from one set of the nined circuits iii 

the converter and the vertical input from the other set. 
However, most RTTY converters have relatively low-Q cir- 
cuits for separating the mark and space tones. The result is 
that we get crossed ellipses instead of crossed Unes. Accurate 
tuning is thus more difficult. The solution is to build a simple 
adapter whose circuit is shown in Fig. 8-5. This adapter can be 
used with almost any audio-type converter and can drive a 
standard oscilloscope. It has sufficient gain to drive the 
deflection plates of a 2- or 3-inch cathode ray tube directly. The 
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lieUltpter is very simple, consisting of tm itfltilsN^ecMvft 
circuits and a dual triode amplifier. 

High-Q toroids are tuned to the two audio tones, which are 
normally 2125 and 2975 Hz. These are driven by the two sec- 
tions of a 12AX7, which has a high plate resistance. The grids 
of the 12AX7 iri^ led from t#b titti^ c^oits tii fiie RiTV 
converter. 

It is rather difficult to give e.xact instructions on con- 
necting the tuning adapter to the many different types of 
converter circuits in use. The best procedure is to experiment 
with your particular unit untfl you find ihe points which 
produce the cleanest pattern on the scope indicator. However, 
we can give some general suggestions. Fig. 8-6 shows a block 
diagram of a typical audio converter consisting of a limiter 
followed by the audio tone filters. Two amplifiers feed the 
detectors whose outputs are combined to drive the keyer 
circuit. Points which may be suitable for connecting the 
adapter are indicated. Note that the mark and space adapter 
inputs are WsH lOgieQii^ wb» mmsmm to ^ BniSter 
but are separated when contMl^lil beyond the c<mverter 
filters. 

Scope Indicator 

A conventional oscilloscope can be used in conjunction 
with the cross-pattern adapter as the indicator. However, for a 
few dollars, a separate scope indicator can easily be built. Fig. 
8-7 is a basic circuit which uses the power supply in the RTTY 
converter or other existing supply for the scope high voltage. 
The scope tube can be a 2AP1 or similar type, available from 
surplus for two or three dollars. A separate filament trans- 
former should be used since the cathode is several hundred 
volts above ground. The anode voltage is obtained by deriving 
a negative voltage from one side of the high voltage trans- 
former in the converter power supply. This voltage will be 
approximately equal to the peak AC and may give sufficient 
brightness depending on the particular scope tube and the 
transformer in your power supply. If the pattern is not bright 
enough, disconnect the ground from the voltage divider net- 
work and return to the B+ voltage from the power supply, as 
shown by the dotted lines. This will put the negative supply in 
series with the positive supply. Be careful not to ground the 
various pots, and use insulated shafts for safety. 

No centering controls are shown, since most scope tubes 
will have adequate deflection plate alignment for this use. 
However, if the pafteni Is 106 M&tA off-center, it can be 
corrected by use a small permanent magnet. The magnet is 
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Fig. 8-8. Examples of RTTY tuning scope patterns for 
various signal conditions. All patterns except A are ob- 
tained using the scope ttinliig adapter. A Ellipse cross 
pattern from converter using iow-Q tuned circuits. B, 
Pattern with no FSK signal, noise and speech only. C. 
Correct shift FSK, improperly tuned. D. Correct shift 
FSK, correctly tuned. E. FSK signal with incorrect shift, 
peaked oh mark. F. FSK signal with incorrect shift, 
peaked on space. G. Narrow shift FSK correctly tuned. H. 
Weak FSK signal with noise (signal not limiting) 
correctly tuned. The text discusses the easiest method. 

moved around near the scope tube and taped to the dias^ or 
panel at a spot which gives proper centering. 

Aligning Uie Adapter 

With the adapter connected to the scope indicator, the two 
toroids in the adapter can be trimmed to exact frequency. 
Probably the easiest and cheapest toroids available are the 88- 
mh loading coils which can be bought for less than Si. 00 each, 
although any toroid from 50 to several hundred millihenries is 
suitable. The approximate values of capacitance required for 
88-mh are shown. With an accurate source of audio tuned to 
2125 Hz aiid fed to the grid Of ¥1A the capacitanee Is trimmed 
across LI to obtain the longest possible line on the scope. 
Similarly, 2975 Hz is fed to the grid of VI B and the capacitance 
across L2 is varied to produce the longest line. Alternately, the 
capacitances could be fixed and turns removed from the 
t(n>dids. 

After the adaitfer is properly tuned, it can be connected to 
the RTTY converter. The scope gain controls are then ad- 
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justed for the desired size cross-'pattem and the unit is ready 

to use. Tuning in an RTTY station is extremely simple. Just 
tune for maximum cross size. Fig. 8-8 shows the patterns 
obtained for various conditions. 

Receiver Tuning Hints 

We mentioned earlier that it is important to have the bfo 
correctly set. We would like to get our receiver set up so that 
the bfo is in the proper relationship to the selectivity curve of 
the IF as illustrated in Fig. 6-4. Once this is done, we should 
then tune in RTTY signals using the main tuning dial, leaving 
the bfo fixed. The following procedure is suggested to get your 
receiver set in this manner. Once this is done, tuning RTTY 
signals with the tuning indicator is easier and faster than CW 
or SSB. 

1. Turn on your vfo to provide a steady carrier. 

2. With AGC on and bfo off, tune in your vfo signal and 
carefully peak the signal with the S-meter. You now have the 
vfo signal centered in your IF passband. 

3. Turn on the bfo, and zero-beat the vfo signal with the bfo 
pitch control. The \m ts now bxaed to (be cenler of the IF 
passband. 

4. Detune your bfo 425 Hz higher in frequency. This will 
IHToduce a 425-Hz beat note with ttie bfo. You cm (Sis 




Ffg, 8-9* Scope monitor. 
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curately by operating your FSK (switching between mark and 
space) and carefully tuning the vfo so you get the same 425-Hz 
tone from mark condition as from space condition. This is true 
since the bfo is in the center, while the space frequoicy is 425 
Hz lower and the mark frequency is 425 Hz higher. 

5. Retune the bfo pitcli control to produce a 2125-Hz beat 
against one frequency and 2975-Hz beat against the other 
frequency. This setting can be made most accurately by 
operating your FSK and adjusting the bfo pitch control for the 
maximum size cross on the tuning indicator scope. Some bfo 
controls may not have quite enough range to get the 297S Bz 
beat, but this can usually be corrected by a slight adjustment 
of the trimmer on the bfo coil. 

6. When the proper bfo setting is found, make a mark on 
the receiver panel of some kind so that you can always set the 
bfo pitch control to this position. Always tune in FSK signals 
with the main tuning dial andnotwiUi the bfo control. 

Setting Tr&neiKftt«> Slifirt 

By using a cross-patterns tuning adapter, transmitter 
frequency shift can quickly be set to the correct value. With 
the transmitter exciter on and in the mark condition 
(keyboard closed), tune in the signal with the receiver until 
the scope line representing mark has its maximum length. 
Then simply depress the break key on the teletype machine, 
and adjust the shift controltosfaiSGai itotnaximum length line 
on the scope representing space. Also, zero-beating another 
RTTY station is very fast and easy with the tuning indicator. 
When calling another station, you zero-beat his mark signal by 
tuning your vfo in the spotting mode to produce the same line 
on the scope. You can edso operate your li!^ a 

(gtii^ on your shift. 

A mt^&R SCOPE 

Tuning RTTY signals without the use of a scope monitor is 

a difficult job. So, in designing the CQCQ|lAlie .eooveiter iS 
well to include a scope (Fig. 8-9). 

In order to make the circuit simple, no amplifiers are 
used. There is sufficient signal delivered to the deflection 
plates of the 3BP1 for good scope presentation. 

In Fig. 8-10, the power supply connections are shown, 
since the power supply provided for the converter cirdjuif is 
ample to handle the scope nidMilE»r- Construction deW$ tan be 
se^ in the accompanying pboto, AH wiring is done on <»ie side 
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of the sub-chassis by use of a terminal board. The two pots 

shown are the horizontal and vertical controls. Thefocusand 
intensity controls are mounted on the front panel. 

The sub-chassis is 3^.) inches wide by IZ^^dtes tofife wittl 
H one half inch flange at each end. 

After 'completing the wiring as shown, fit the sub-chassis 
into the overall chassis; and fix into position with self-tapping 
screws. This part of the converter is dressed up by using a 
Millen bezel No. 8003^. 

After wiring is completed, turn the converter power 
supply on and adjust the vertical and horizontal controls. With 
an incoming si^tial applied, ac^ust the focus and intensity 
controls. 

The pattern which should appear when the signal is 
properly tuned is a cross. 

Tuning by the scope monitor is easy, as you have a visible 
indication of when proper tuning is achieved. The scope 
presentation will be a perfect cross, if the shift of the tran- 
smitting station is correct. Practice will soon give you the 
necessary si<ill to recognize the proper pattern whj^ it a]^ 
pears on the scope. 

A SIMPLE SCOPE 

Tuning in an RTTY signal is virtually impossible unless 
some form of tuning indicator is used. The most coznmon 
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Fig. 8-10. Schematic of monitor scope. 
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Fig. 8-11. Schematic of simple scope. 



indicators are the tuning eye tube, meter, and cathode ray 
bihci. Of these, theaifet Hi^ble by far is the cathode ray tube, 
ll addition to proi«iiiiiiXig tiimng information, it can be used to 
identify interference Slid dieck on proper transmitter 
operation. 

For some reason, most amateurs shy away from building 
oscilloscope indicators. Actually, they are no more difficult 
than any other electronic project. This little indicator is about 
the ultimate in simplicity. This is due to the current 
availability on the surplus market of the 902A cathode ray 
tube. It has a deflection sensitivity of 90 volts per inch. It a 
thus possible to obtain adequate deflection without amplifier 
stages. In addition, its high voltage requirements are modest, 
allowing the use of a small cheap power transformer (300H(h 
300v) in a half-wave rectifier configuration. 

CmiStruction 

The scope is constructed on a 6" x 9" x 2" aluminum 
chassis. The drcuit (Fig. 8-11) is divided into two sections. The 
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power and oscilloscope control components are mounted on 

the panel and chassis. The input transformer and tuned filter 
networlss are constructed on a 2 x 5 inch piece of vector board 
which is mounted underneath at the rear of the chassis on 
stand-offs. Leads to tliis board should be long enough to allow 
the board to be slid out of the chassis for tuning. 

If, due to the small size of the cabinet, it is necessary to 
mount the transformer with the core parallel to the axis of the 
Cd^hode ray tube, any unwanted deflection can be cured by a 
tube shield made from a 4-inch length of 2-inch diameter 
galvanized water pipe. After cutting, the shield is de-burred 
and painted black (Fig. 8-12). 

Typical receiver output lines have an 8-ohm impedance 
whether they are from the HF communications receivers, or 
the VHF FM system. A standard 88-mh toroid is used for a 
combination tone filter and step-up transformer. To match the 
S-ohm line a primary winding of 35 turns of No. 22 enameled 
wire is wound over ttie existing turns of the toroid. 




Fig. 8-12. Top view showing water pipe shield installed. 
Note the small foam rubber cushion at the front of the 
tube. 
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Fig. 8-13. Bottom view stiowing filter board removed for 
tuning. 

Alter checking the wiring, turn the scope on and allow it to 
warm up. Advance the brilliance control until a spot appears. 
Then, sharpen the spot with the focus control. Center the spot 
with the centering control. Connect an audio signal generator 
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Fig. 8-14. Front view of simple scope. 



to the input. Remember, most audio oscillators have a 600- 
ohm output impedance, so a matching transfonner should be 
used. 

Time tire several ways to tune the filters (Fig. 8-13). Use 

of a counter to check the frequency of your audio oscillator is 
well worth the trouble, if you can obtain this instrument. 

The easiest way to tune the filter is to use a value of 0.033 
mfd for the space capacitor. With your oscillator set at 2975 
Hz, tune the dfcnif to resonance by removing turns from the 
toroid. 

About 4 turns per Hz is a good rule of thumb. Next tune the 
mark filter using a 0.066 mfd capacitor to start with, and the 
same procedure. The audio oscillator should be set to 2125 Hz. 

An alternate method is to substitute capacitors until the 
desired trequency is reached. This is simpler than removing 
turns only if you have a large selection of capacitors. A good 
grade of mylar or paper capacitor should be WSd. 

If you cannot get your hands on audio oscillatOCj ftCjtitl^ll^ 
from a friends AFSK oscillator can be used. 

In operation, the input line is bridged across the 8-ohm 
input to the TU. The receiver bfo is turned on and the desired 
HTTY signal tuned in until a distinct cross is obtained on the 
CRT (I ig 6-14). The audio gain is adjusted to obtain the 
desired height. 
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Have you ever read the tape that you just printed off your 
Model 19? Here is an interesting way of reading it, using the 
binary system. Loolc at the tape from the top with two holes to 
the left of the sprocket and three holes to the right of the 
sprocket. Group the two to the left, to read 2-1 and the three to 
the right to read 4-2-1. 

TAPE READING IN BINARY 

Now all yoo have to do is aM up all the holes that am 

punched to the left as one digit and all the holes punched to ttui 
right as one digit. This will give you two digits which can be 
^eoiliverted to a function on the machine. 

Example 1. If all holes are punched, add up the two 
weights on the left (2+1 equals 3). Now add up all the weights 
on the right (4+2+1 equals 7). You now have two digits which 
put together is 37. Look on Fig. 9-2 and you find 37 would be the 

Example 2. No. 1 hole on the left with a weight of 1, and the 
No. 2 hole on the right with a weight of 2. Put together, this is 
12. Looli on Fig. 9-2 and you find 12 is the function R. 

Example 3. No. 2 hole on the left wei^t of 2 and the 
number 4 and 1 hole on the right summed is a weight of 5. 
Putting the two digits together ^ves 25. Look on Fig. 9-2 and 
iuid 25 is the Y function. 

Jtyaa study the table you can see that there are no wasted 
functions. There is a possible combination of 32 functions. If 
you add the 26 upper case operations we have 58 different 
possibilities. When reading the tape you .should know if the 
tape is in upper or lower case. This should not create any 
problems. You could add one more function uriiieli is ttie bhuk. 

CARE OF TAPE 

For those who want to keep, store and retrieve tape, ttiere 
seem to be several problems that are encountered. A few i^ 
may be in order. 
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There are several types of commercial winders available. 
If y<w use a lot of tape, it is conv^ent to use these, preferably 
one that iiS motor-driven. One can be n^edfbr winding from tfie 

TD or reperf and the other for the necessary unwinding. On a 
long tape, put the loose tape from the unwinder in a large 
wastebasket below the TD and then forget it, as it comes out 
fine. Chadless tapes may catch on themselves and require a 
bit of watching. If you do not have a winder, you can learn to 
wind the tape in a figure eight about your thumb and little 
finger with the start at the beginning of the bundle. In this 
way, the tape will not be twisted and will pull off the tape 
bundle with but a little help from you. To keep the ends free 
and windable, pull about a foot of blank tape from the reperf 
(Fig. 9-3) at both ends. If you are thinking of building a winder, 
try to keep the CKiter hub at least three inches in diameter as 
too tightly wound tape resets the chads in the chadless type 
back where they were and will not permit it to run properly in 
the TD. If you use the figure eight wind, tuck the free end into 
the bundle loop. With rolls from Hie "sHAdi^s, tise a small bit of 
solder to hold the roll together. If you have trouble learning to 
figure eight wind, get a local commercial Teletype operator to 
show you the simple technique. 

Storage and retrieval are the real problems. One ap- 
proach is to separate the tapes into subjects and store them in 
large plastic bags with ten or fifteen tapes to a bag. This keeps 
the tapes from drying out and lets you find any one tape 
without too much time. The title GtHbR material on the tftpe« 
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Fig. 9-2. Binary conversion table. 



marked on the lead end with a heavy marking pen, also helps 
to speed identification. Making and keeping a list of the tapes 
in the same order as stored also helps and can be used to tell 
the others what you may have on hand that may be of interest 
to them. The marking pens will also write on the plastic bags 
tMt citttten be eto)^ in a drawer or cabinet 

Tape Repairing 

Sometimes when making a tape or reperfing, your supply 
roll will run out; or yea may have a break or tear in a tape. 

The simple side tear problems are easily fixed with a bit of 
Scotch tape trimmed to the edge of the tape. Otherwise, you 
may need a splice or patch. These are not the best solutions, 
and you should make a copy tape with the repaired portion, 
but a fairly good splice may be made with white glue to add a 
fresh roll to one that is running out. Overlap about an inch or 
so. Be sure the glue is dry. You can also punch a short piece of 
tape with the same characters and splice a bad spot in the 
middle of the tape. With the chadless types, they may be 
merely run together in the TD to hold the splice. But if you 
want to keep ttie tape for any time, take the time to make a 
new one. 

When running a long tape on the air, do not forget the need 

to ID at least every ten minutes. If you have the narrow shift 
CW ID facility, that is fine and will lock up most of the 
machines. In the absence of the narrow shift (about 100 Hz), 
Stop the TD and let the steady mark tone stay for a few 
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Fig. 9-3. TT-107-FG Kleinschmidt reperforator. 



seconds, thcMi CW ID and repeat the steady tone to permit the 
other fellow to hit his standby switch and not interrupt his 
print. When making tapes, make them as short as possible, 
iand leave out all those lines across the paper that are hi some 
tapes, such as "CW ID follows" and similar unnecessary 
characters or language. 
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CHAPTER 




FCC Regulations 



The FCC permits radio teletypewriter operatioa in all but the 

160-meter band. On the Ipwer frequency bands, operations are 
limited toeitiier make-break or frequency shift keying (FSK). 
I\Iake-break transmission never achieved much popularity. In 
this system, the transmitter is keyed on and off (CW) with 
either the mark or space signal. Many tests were conducted 
with this system of transmission before FSK was permitted on 
the lower frequencies, but these tests always did more to 
#seoiirig&t^ type of transmission than to eaomirftgeit. 

AVAILABLE BANDS 

On the 80-meter amateur band operations are permitted 
for send FSK (Fl) emissions from SSOO'SSOO kHz. In t>factice, 

RTTY signals are rarely transmitted more than a few kHz 
from the net frequency of 3620 kHz. This channel was 
originally chosen when the band was opened to RTTY because 
it was the only channel that did not have a large number of 
traffic handling networks on it. Considerable interference 
coming from South American commercial stations on this 
channel had made it unusable for regular CW nets, so RTTY 
xaoted in and made tee ot it. It vrm Mt that RTTY would 
interfere with CW ragchewing if used in the 3500-3600 kHz 
segment. The 3600-3700 kHz segment was completely filled 
with traffic nets except for 3620. Above 3700 were Novice and 
Canadian phone. 

On 40 meters there was more room for choice. The original 
selection, out of the allocation of 7000-7200 by the FCC, was 
7140 kHz. The reasoning was that RTTY should keep away 
from the heavy ragchewing and DX concentration of CW 
stations down at the low end. Above 7150 was Novice. So 7140 
was selected. Radio Moscow has not contributed to the 
popularity of Ihi.s choice in recent years, and there is a Strong 
movement to change it to 7040 kHz. 

W meters is &e most teporfsaht WL }»stM.. T!ie FCC 
allocated us from 14,000 to 14,200 kHz for Fl. Activity has 
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centered around 14,090. On most nights you can hear some 
interesting DX coming through on RTTY...a ZKl for instance. 

15 meters, when open, is a fine RTTY DX'ing band. The 
FCC has allocated 21,000 to 21,250 kHz for Fl, but activity will 
usually be found within a few kYlz of 21,090. 

10 hfieters is a different &tai^. Since it will be some years 
before this band will be any practical use for long distance 
communications, it probably will make no different to the 
average operator that normal CW allocations are now 
available for FSK RTTY on ten meters. FSK is permitted from 
29.0 to 29.7 MHz. The lack of activity on ttAi band has left no 
recommended channels, though 29.090 MHz would be con- 
sistent with RTTY channels on 15 and 20 meters. 

On 6 meters RTTY can use either FSK or AFSK from 50.1 
to 54.1 MHz. This is the lowest frequency band for use of 
AFSK. There is, at this time, relatively little RTTY operation 
on 6 meters. 

The two-meter band from 144.0 to 147.9 MHz is available 
for both FSK and AFSK operation. While there is little activity 

in this band on RTTY, you may hear it on the MARS channels 
just below the band. AFSK is generally used on two meters. 



F-1 LIMITATIONS 

The FCC stipulates the character of the RTTY emission 
rather carefully. It states that, "A single channel five-unit 
(start-stop) teleprinter code shall be used which shall 
correspond to the International Telegraphic Alphabet No. 2 
with respect to all letters and numerals (including the slant 
sign or fraction bar) ; but special signals may be employMt&t 
the remote control of receiving printers, or for both purposes, 
in "figures" positions not utilized for numerals. In general the 
code shall conform as nearly as possible to the teleprinter code 
or codes in common commercial usage in the United States." 

TheF&6 hasrecently passed an amendmoit to ite rulies to 
allow hams to use speeds of 60, 67, 75. and 100 words per 
minute on teletype equipment. Previously, amateurs were 
limited to 60 words per minute. This limit was mainly imposed 
by the type of equipment available. Now, however, more 
surplus TT gear is bdng released from commercial service; 
and increased speed is now possible. Arguments in favor of the 
proposal included greater message handling capability and 
more efficient use of airtime. 

Another rule requires the signing of the call letters of the 
s^QC^g and receiving stations at the beghming and end of 
each transmission, unless operating break-in (transmissims 
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less than three minutes eacb)i mi at least once every ten 
minutes. 

nmrnm smFT 

The original FCC regulations for RTTY did not permit 
anything but 850-II7. shift. This was a little restrictive to the 
experimenters, and eventually the regulations were changed 
to permit any shift up to 900 Hz. Many different frequency 
shifts have been tried, with 160 and 170 Hz turning out to be the 
most popular. The 160 Hz shift is easy to determine since WWV 
transmits 440 and 600 Hz which are 160 Hz apart, providing a 
fine standard for reference. Commercial narrow shift uses 170 
Hz, so this too has been used on the amateur bmSs. NaiTOW 
shift is seldom used. The stations on the amateur frequencies 
will be using 850 cycles. 
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CHAPTER 

RHYArt 



The human voice had been traveling over wires for nearly a 
half century before a method was (Revised to transmit 
photographs or visual information. Many attempts were made 
to achieve this goal but will little success until the develop- 
ment of a satisfactory photoelectric cell in 1921. While the 
photocell was being studied as an instrument to analyze a 
photograph, Mr. E. F. Watson, an ettgin^sr at the A. T. & T. 
Co., suggested that a satisfactory representation of the dif- 
ferent shades of a photograph could be obtained by using a 
typebar printing telegraph machine with typebars fitted with 
different sized dots or even with some of the regular printer 
characters. 

EARLY EXPERIMENTS 

In order to test whether the representation of a picture in 
this manner would be satisfactory, a photograph of a keyboard 
perforator was analyzed point by point and the shade of each 
point estimated. A reproduction of the original photograph 
was made Isy reproducing these shades in dots of different 
sizes on a separate sheet of cardboard. This was all done 
manually, and thousands of unit areas were examined and 
reproduced in this way to make the complete picture. The 
result was considered excellent. A typewheel printer was 
modified to carry a photocell analyzing device which could 
read the density of a photograph on a transparent film. The 
density readings were converted to codes which were 
automatically punched into a paper tape. Only five densities 
>yere assumed. This tape was then read out and printed on a 
dightly modified page printer (line spacing was reduced) 
using the letter M for extremely dark, H for dark gray, T for 
gray, period for light gray and space or no printing for the 
Ughtest shade. 

One of the first pictures used in this apparatus was a 
photograph of Mr. Harry B. Thayer, president of A. T. & T. 
(see Fig. 11-1). The very satisfactory result was obtained on 
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Fig. 11-1. This picture was printed from an automatically 
perforated tape on April 1, 1923. (American Telephone and 
Telegraph Company, Depsirtment of Development and 
Research) 
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April 1, 1923t Bmci Experiments were carried out transmitting 
such pictures across the country. Another very successful 
receiving mechanism was developed using an automatically 
controlled artist's air i^rusli. By May 1924 modulated carrier 
current methods and photographic film recording were 
^ccessfUIIy dnnonstrated. "This marked the beginning of 
telephotography as we have known it for years. It is in- 
teresting to note that earlier experiments had been designated 
as techniques of phototelegra^y. 

HOLIDAY GREETINGS 

Apparently the idea of creating pictures from normal type 
characters caught on with the telegraph operators, and they 
began to create some of their own simple pictures manually. 
Early pictures were generally made up almost entirely of X's. 
The story goe.s that teleprinter operators who were assigned to 
duty over the holidays, particular Christmas, would cheer one 
another l>y sending tlfi^ir own art aroiind the coiintry. One of 
the first complex designs, a Madonna, is credited to Meyer 
Hill, an Associated Press operator in Baltimore. This picture 
was created in 1947 (see Fig. 11-2). 

The tradition spread; and, with the advent of worldwide 
dreuits, the exchange of pictures became international. 
Charles Reeser of AP Washington is noted for his work and 
was the originator of the "stained glass window" technique 
used in the Angel and Shepherds picture. See Fig. tl-S. 

AMATEUR RTTY ART 

Obviously, with the advent of amateur radioteletype, the 
picture transmission ischem^e has been earthed over to this 
field. The first pictorial attempt by many amateurs is some 
form of QSL "card " transmitted right along with the QSO. 
These usually show the sender's call letters in block form and 
confirm the specific contact by manually typing in the details 
at a pi^eterittiiied point, dten spotted 1^ a series <tf bells on 
the basic tape. 

ELABORATE PRODUCTIONS 

lectures that have been flowing around the world on land- 
line circuits gradually came into the hands of amateurs who 
relayed them over the air. Some of these reached people who 
were so impressed by them that they decided to try their own 
hand at keyboard composition. As on the landlines, Christmas 
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Fig. 11-3. Stained glass window technique used by Charles 
Reeser. 
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season subjects were predominant at the beginning. 
Gradually some "artists" became well known, each with his 
own particular style or field of interest. Although not a ham, 

Ralph Larsson of Teletype Corporation became well known for 
his portraits of presidents and other famous people. His pic- 
tures were rdayed many tunes by amateurs. Probably the 
most famous of his series is a portrait of John F. Kennedy. 
(See Fig. 11-4.) Jerry Hall KlPLP originated a varied range of 
pictures including portarits and various holiday subjects. By 
this time "computer pictures" were on the scene, and Jerry 
Miipted one of lliese to oar 73 character per line limitation and 
i^lfltaneously added some brief clothing. (Fig. 11-5) This 
was a very popular picture and was modified by several other 
people as time went on. The distaff side of the art really en- 
tered the scene with the receipt of a picture apparently 
Originating in Sweden and known here only as "The Swedish 
Nude" (Fig. 11-6). This picture arrived in European format, 
with all of the apostrophes coming in as bells, which made a 
ratheip distorted mess of the reproduction. The correspondmg 
tape was manually "translated" and to this time is un- 
doubtedly the most widely distributed picture in the country. 

The late Dom Rossi \V3ILZ produced a very extensive 
collection of well known cartoon characters. Most of Dom's 
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Fig. 11-4. Portrait of John F. Kennedy by Raif»6.yit!^;»!i> 
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work is immediately recogafzable, as he soon developed a 
style of his own. 

On the West Coast WA6TEB, W6VHF, and K6PDR were 

producing and relaying pictures on tlie VHF bands. Don Rover 
WA6PIR took a liking to producing RTTY art and even got his 
XYL, Maxine, involved as his artist (Figs. 11-7 through 11-10) 
Don has produced over thirty pictures, most of which are very 
lengthy and painstakingly shaded. He is most famous for his 
"gatefold" pictures which he was producing monthly for quite 
a while. 



REPRODUCTIONS 

John Greve W9DGV offered to undertake the publishing of 
a packet of reduced size reproductions of all the RTTY pic- 
tures that interested amateurs would be willing to contribute. 
Contributions of pictures trickled in; and, near the end of the 
year. John had enough to publish an initial packet of 50 
reproductions. In recognition ot the fact that some people 
might like to obtain tapes to run their own copies of the pic- 
tures, W9DGV also offered magnetic tape recordings which 
eould be played flirou^ a demodulator into a printer or 
directly on the air on the VHF bands. John \V9DGV did not 
have the necessary equipment to offer punched paper tape; so 
John Sheetz K2AGI volunteered to take on this project. Many 
prints and tapes were received in quite poor condition, having 
been relayed many times over the air and accumulating 
errors on the way. These tapes had to be manually checked 
character by character, correcting all obvious errors and 
removing many non-printing codes. The collection has grown 
to over 250 pictures at the present time, and W9DGV has 
produced three different volumes. 

New artists are turning up regularly as interest spreads. 
It is difficult to estimate how many pictures must be in 
existence at the present time as they often tend to stay in 
localized areas. This is usually because the most common 
medium for transmission is the VHF bands. Twenty meter 
transmission has picked up though, andpictures are beginning 
to get worldwide distribution. 

YOU CAN BE A RTTY ARTIST 

Have you ever wished that you could make some of that 
RTTY art that yott may Usm printed? It is easier than you 
might think. 
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Fig. 11-7. "Peace Through Victory" originated fdf RTTY 
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Fig. n-8. "Hiram, a Bassett Hound Oawg/' CNPtetlnated by 
Don WA6PIR. Art by XYL Maxine. ' 
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Fig. n-9. "Fang, A Siamese Pussy G«if/' originated by 
Don WA6PIR. Art I5y XYL Maxine. 



214 



*lttl d flPf"(IMP"?"W*» 



'"•"■^KUB^irFK'PPFifii^fi'Bm'iirnif,? 
•P1'PP»PPTI»FMfMI'?l'P^"P"1^»!tPP 
•flMPP"** ~ 

prp""'!"' 



iriMirs»p*J!'tr»'";'!r»»v«'"i»ii<t!iit, ,»wprt 



ittiitttttttiitt 
.tiiiiitiittiiit 
...niiitittiiit 

I iiitiiiiil 

iiiiiiiiti 

itiittiti' 

■ itiiinH 

intMiii 

■ ttiiiiit* 

iti.i>*i 



Fig. n-10. "Miss Santa," 
believed to be by WA9CCP. 
Relayed by WA6PIR. 
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There is much basic art work available from which RTTY 

pictures may be made. Cartoons, the comic strips, post cards, 
magazines, newspapers, centerfolds, and photographs may all 
serve as bases for pictures. While these may not be the right 
side, an inexpensive panta^raph may be used to enlarge or 
reduce them. A portrait <rf Wa:i^ingfon was mMe £rma the 
etching on the dollar bill. If you have a little sketching tsdent, 
that will also help. Or enlistyour wife and friends. 

Prepare the Subject 

Having decided on the subject and having the basic art 
work the rij^t size, run about four feet of paper out of your 
printer. Us^ the center portion of the paper for your skeitelt ixr 
carefully tape or glue (white glue works well) the drawing or 
photo to the paper. Trim the edges so that all is still the same 
width as originally. Now take out the paper from your printer 
and insert the four-foot sheet with the sketch on it so that it will 
be presented to you as it rolls through ttre madiine. Careftilly 
align the edges of the paper on the platen. Use your line feed to 
bring the top of the sketch into view. With a little practice, you 
Will be able to tell just whore ai^ diaracter will strike the 

Overtyping 

You are now ready to overtype the sketch, punching a tape 
as you go. 

We have found that a small selection of characters is all 
that is really needed to produce either outlined or shaded 
pictures. While you may not agree with our selection, study 
the letters and other diaracters to learn their indi^dual 
densities. For example, the M and W are the darkest, followed 
by the H or X and then by the I. Thereafter, you can use the 
upshifted characters such as the : or ; followed by the " or - or 
. and the like, depending upon where you want the print to fall. 
Xti^^^^& way , you may add tte shadhig that you desire or leave 
certain areas blank like this: 

MMHMHHIHII:!: :.: :.: :I:IHIHHMHMM going from 

dark to light and back to dark again. Keep up this process over 
the entire sketch. Remove the four-foot paper with the sketch 
from your printer and reinsert your paper stock. Now play out 
ttietape that you have made and see what you have. You will 
(HTObably be pleasantly surprised. From this point on, take a 
red pen and uidiiBate ^e print where additions, corrections 
and any changes are to be made. Rerun the tape (having 
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folded the marked-up print and following it line by line, using 
the paper holder and line guide on- the printer) and make the 
corrections, making a new tape at the same time. In most 
instances, we can now come up with a pretty good picture with 
a series of five or six corrected tapes. 

When overtyping the sketch, it helps to have a strong light 
directed on the sketch in your machine. This is particularly 
true if the contrait df the sketch is poor, as it may be in color 
photos. Also, as you will not be able to see the part of the 
sketch below the ribbon, take a pencil and outline the areas 
where the shading will change from one density to another. 
This wa^ you may be abie to get a more complete picture the 
first 6me tHrough. Some artists have found that it helps to 
make Xerox prints of the original sketches or photos and to use 
those for the over-typing, as they eliminate some shading and 
provide a black and white sketch from which to work. Keep the 
detail of the original art work as large as you can and don't be 
afraid to experiment with different letters and techniques. 
Clean up the tapes during the first run-through after the 
overtyping is finished to remove the extra characters and 
corrections made during the typmg. To give you sbmeidtsja (tf 
the time required to complete the pictures, about 20 hours are 
required for one that runs 30 minutes or so. Most of this time is 
used in making the corrections while rerunning the tape. Even 
after they are apparently finished, hang them across the room 
to see how they will look from a distance and them make the 
final tape with the finishing touches. 



Transmitting Considerations 

Many of the machines in use today have non-overline 

features so do not use overlining. Stay within a 73 character 
line. Start and end the tape with a series of letters, a couple of 
carriage returns and about ten line feeds, as this will help the 
receiving operator if he is making a reperf tape at his end. 
Also, keep in mind those who have irnadilheS Qbat downshift on 
space as well as those that do not do so. If you are upshifted 
and then space and wish another upshifted character, put in 
ms&mS^Bes character. Of course, the same applies when 
you waoit a letter following a space after an upshifted 
character. At the start of each line, generally use two carriage 
returns, the line feed and two letters or figures depending upon 
how the line starts, to help ensure that the machines have time 
to get to the start of a new ISm* A&tfa, mulEe ^r tapes as 
short as possible by taking out any unneeded characters: 
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extra letters, upshifts followed by downshifts, and things like 
extra spaces or downshifts at the end of a line. Above all, be 
sure to put your credit line at the end, tihe hope that others 
will follow your lead and keep it there. 

So if RTTY pictures are your interest, try your hand and 
make a few. Your RTTY friends will be pleased to reedve 
them. 
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CHAPTER 



Impnmng Reception 
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It is a big thrill to watch your printer pounding out perfect 
copy from a distant RTTY station— but it is far from thrilling 
when bursts of interference suddenly cause the copy to look 
lik« i cartoonist's idea of profanity! But don't give up. HieSre 
are several things you can do to improve this situation. 

Most RTTY receiving converters convert the incoming 
FSK to audio tones, 'i'iiese audio tones are then passed through 
a limiter and then to tuned filters with associated tone 
detectors. This method of detection is fundamentally the 
same as FM and exhibits much the same characteristics as 
FM. Whenever the signal we are trying to copy is stronger 
than interfering signals, the "capture effect" occurs. The 
desired signal passes through the limiter and the interference 
is attenuated. So— to obtain a big reduction in the effects of 
interference on our RTTY copy, it is only necessary to reduce 
the interference amplitude to less than that of the signals we 
want. 

There are three points in the average receiving system 
which can usually be improved significantly. These are: 

(1) Tiie IF amplifier 

(2) The second detector 

(3) The audio ahead of the RTTY converter 

Your particular receiver may be ideal in one or more of 
these areas. You should be able to judge from the following 
discussion whether you will ben^it from some modlficSikQiffi 
in your receiving setup. 

IF Amplifier ConsideratitNiis 

As in any communications system, the bandwidth of the 

IF amplifier should be no greater than necessary to pass the 
spectrum of the signal you want to copy. Fig. 12-1 illustrates 
the spectrum of an FSK signal using 850 Hz shift. Notice that 
practically all of its energy is contained in a 1200 Hz band- 
width. So, we see that 1.2 Hz is the optimum IF bandwidth for 
amateur RTTY reception. 
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Fig. 12-1. Spectrum of SSO-Hz shift FSK signal. 



Many old receivers have IF bandwidths designed for A.M 
signals 6-10 kHz wide. If you are using one of these for RTTY 
you should definitely take steps to improve the situation. To 

illustrate how effective using the correct IF bandwidth is, take 
a look at Fig. 12-2. Here a receiver designed for AM reception 
is shown having an IF bandwidth of about 6 IcHz art Ihe half 
power points (-3 db). A CW signal which is 6 db (one S-unit) 
stronger than our FSK signal comes on about a kilohertz 
away. Since it is passed on to the RTTV converter, it will 
capture the limiter and you start printing gibberish. Now, you 



Fig. 12-2. Reducing Interference by tiicrieasing IF 
selectivity. 
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can narrow the IF down ot 1.2 kHz as shown. The skirts of the 
filter atlenuate the C\V signal by 10 db; soil is now4db weaker 
at the converter than our FSK signal and afiiy FiS]g ttiffliiil has 
the upper hand. Perfect copy again! 

Many nfioderii receiv^r^ dedgited for SS6 use have good 
mechanical or crystal lattice filters with nice, steep skirts and 
bandwidths of 2 kHz or slightly higher. These are excellent for 
RTTY, and optimum audio filtering (to be described later) is 
all that is required to put tlie finishing touches on the receiving 
system. If you have one of the older receivers which has an 
excessive IF bandwidth, there are several pcssible ways of 
improving the situation. Obviously, a mechanical or lattice 
filtdr of thie desired bandVTldii ma be ihstalled cnr added by 
means of an adapter. 

If your receiver has a conventional crystal filter, some 
improvement can be obtained if care is taken in adjusting the 
filter. The selectivity setting and phasing control should be 
expeHmeitted vtS^M Bai best settings and ^ese settings 
marked on the j^uiel f <>r l^y resetting. You can easily get the 
filter adjusted too sharply which chops off part of the FSK 
q;>ectrum . This will cause the ntarfe and spam tmm Ut bmm 
unequal amplitudes. 

The ubiquitous Q-fiver is also a good solution to the broad 
receiver problem. The old BC-453 has an ideal passband for 
RTTY when the IF coupling rods are pulled all the way out. 

Second Delector 

At first glance, it would seem that the second detector 
would not be a fruitful point for improvement. However, if 
yourreGeiyer has a conyentional diode detector, a worthwhile 
gain in RTTY performance can be obtained by changing to a 
product detector. The reasons are much the same as for using 
a product detector for SSB. A diode detector produces beat- 
notes between all signals. Thus, if there are interfering signals 
coming in with the FSK^ the diode detector will generate new 
frequencies from all those signals beating together. The 
result is an increase Id tioise. This just gives the RTTY con- 
verter that much of a harder job. When a product detector is 
used, it is linear with respect to the signal input and only beats 
between incoming signals and the bfo appear at its output. So, 
we give our RTTY converter the cleanest possible signal. If 
your receiver doesn't have a product detector, you should 
certainly install one. It will heljp your SSB and CW reception 
also. Fig. 12^ Showt simple circuits wtltiefi can be adapted to 
most receivers. 
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Fig. 12-3. Product detector circuits that can easily be 
dietepteci to most communications receivers. 



Audio Filtering 

One of the easiest and most effective ways of improving 
RTTY reception is by the construction of a double bandpass 
filter to be used ahead of the RTTY converter. If you include a 
switch to cut the filter in and out, you can demonstrate very 
dramatically how the filter can allow perfect copy even with 
heavy interference. 

Looking back at Fig. 12-1 we can see that the FSK energy 
is concentrated about the mark and space frequencies. The 
filter to be described has a response curve as shown in Fig. 12- 
4. Note that the response is down over 20 db halfway between 
marlc and space. Thus, we can have a CW signal at 2500 Hz 
nearly 100 times as strong as our RTTY signal and still get 
good copy. The half -power bandwidth of each bandpass sec- 
tion is about 250 Hz wMehaQows some margin for misadjusted 
shifts and for a small amount of drift before retuning of tiiB 
receiver is necessary. 

The circuit of the complete filter amplifier is shown in Fig. 

12-5. A cathode follower VI is used to drive the two bandpass 
filters in parallel. The two series resls6>fs are essential to 

provide the correct driving impedance since the filters are 
modified m-derived types requiring a match at input and 
output. 
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Fig. 12-4. Response of audio mark-space filter. 



They are also terminated with the proper load impedance 

as shown. V2 is used as a simple combiner and to provide 
some gain to overcome the insertion loss of the filter sections. 
A switch is included to be able to bypass the filter when narrow 
shift is being copied. The input gain control can be per- 
manently set to give unity gain through the filter-amplifier, if 
extra gain is not needed. 

Petails,on building the filters are given in Figs. 12-6 and 
The inductors are 88 mh surplus telephone loading coils 
which are widely available. The capacitors used should be 
paper, mylar, or mica. The ceramic types are often voltage- 



VI V2 
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FIfl. 124. Schematic for audio mark-space filter. 
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Fig. 12-6. Circuit and values for sharp filters. 



sensitive so are not recommended. Notice in Fig. 12-6 that 
each toroid must be pealted at a frequency slightly higher than 
the filter center frequency. Fig. 12-7 shows a test set-up for 
tuning. A calibrated audio oscillator and a VTVM or scope is 

needed. If you don't have an audio oscillator, an LM or BC-221 
frequency meter can be used. Set the meter up on 2000 kHz 
with the crystal calibrator on. You can then obtain accurate 
audio tones from the headphone jack by detuning the meter 
dial. For example, if you want 2125 Hz, just look in the 
calibration book for 2002.125 Hz and reset the main dial to that 
reading. The beat note with the crystal will then be 2125 Hz. 

With the drcait as shown in Fig. 12-7, select ft capiadtor 
for Cl, and tune the audio oscillator until you get a peak on 
the meter or scope. If the audio frequency is not the value 
obsired, you can adjust the circuit by either changing the 
capacity or removing turns from the toroid. If you wish to 
remove turns, then use a capacitor that gives a resonant 




Fig. 12-7. Test setup fpr tuning toroid. 
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firequency slightly lower than shown in Fig. 12-6. Then unwind 
turns until you hit the specified frequency. If you don't want to 

fool with unwinding the toroid, then select a capacitor which 
gives a slightly higher reading. Then shunt it with small 
capacitors until the right frequency is obtained. Of course, if 
you are lucky, you may find one capacitor wliich hits the right 
frequency. Incidentally, small ceramics in the .001- to .003-mfd 
range are ail right for trimming since small variations in, 
these would have negligible effect. 

When all four toroids are properly tuned the filter can be 
assembled. Small pieces of perforated board with flea clips 
are very handy for mounting the components. When installing 
the filters in the amplifier be sure to provide isolation between 
input and output to keep down leakage around the filters. 

IMPROVING WEAK SIGNAL RECEPTION 

Thecircuitin Fig. 12-8 is somewhat conventional, but with 
balanced detector, trigger and keyer tubes. A filter circuit 
consisting of an .02 mf d condenser, two lOOK resistors and the 
2^ resistor form a long time constant circuit in the detector 
output irtbich completely wipes out noise spikes that could 
trigger the keyer $tage when signals are weak. Observations 
on the scope indicate all traces of noise spikes are eliminated 
by this circuit. It can be shown that removal of these con- 
drau^dinring noisy reception will cause very bad garbling of 
O&eniirlse perfect copy. Note coupling resistors Rl and R2 on 
the grid of the driver tube. Both resistors are identical, their 
value being determined by the voltage devdoped at the plates 
of the 6AL5 detector. These are part of a voltage divider to 
drop the DC voltage on the grids of the 12AU7 to -8 volts as 
measured on a VTVM, when the respective half of the 6AL5 is 
conducting. Transformers Tl and T2 are approximately 1: i. If 
Sitlfosfltutions areniade.itwill oidy be necessary to adjust the 
coupling resistors Rl and R2 so that -8 volts appears on the 
12AU7 grids when the limiter is saturated and with the proper 
tone at the converter input. The Kl balance control in the 
cathode of the 12AX7 amplifier is adjusted to equalize the 
voltages on the 12AU7 grids when the respective mark or 
space frequencies are selected. Minus 8 volts on the 12AU7 
^id will cause an increase in the plate voltage to at least 60 
volts, which will fire fl^ semi pitupferly. 

The 6SN7 Iceyer tube could operate balanced with one 
winding of a type 255A polar relay in each cathode, but a better 
way is to replace one winding with a 150-ohm resistor and 
provide bias current to the disc(»inected winding. In tiiis^j^asi^^ 
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Fig. 12-8. Schematic of circuit for Improving weak signal 
reception. 
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the actual keying is done on space signals, but you have a 
built-in mark. The polar relay bias current should be adjusted 
to exactly the current value of the signal winding when that 
portion of the 6SN7 is conducting. In this case 30 ma in ttie 
signal winding necessitated a bias current of 15 ma. 

Test Results 

The DPDT switch on the NE-51's allow copy of normal or 
reversed signals. Prior to the development of this circuit I had 
tried severd discriminator type detectors followed by various 
trigger and keyer circuits ; but with signals down in the noise, 
the above converter would outcopy the discriminator type of 
converter. Comparison was direct, witii the two converters 
side by side. 

Tl^ TV wldtii coils can be replaced with 881 mh toroids by 
tuning them to the proper frequencies. The toroids give 
somewhat better selectivity, and due to the higher Q there is 
an increase in the detector output voltage of approximately 8 
or 9 times. With toroids it will be necessary to increase the 
value of Rl and R2 to 1.5 megohms. 

As a matter of interest, selectivity curves were run on 
both the toroids and the TV width coils. The width of the 
selectivity curve at the voltage point (6 db down), is as 
follows: 



It can easily be seen that toroids would be a definite im- 
provement when the QRM is bad. 

Another real problem in radio-teletype reception is 
selective lading. One does not notice this unless the audio is 

either metered or observed on a scope. This can be quite 
severe at times. I have observed as much as 20-db difference 
in the two tones, first one and then the other being the 
stronger. I might suggest the use of separate audio limiters in 
each channel to help overcome this. Tuned circuits should be 
used ahead of the limiters to separate the two tones, prior to 
limiting. 

EQUALIZING AFSK TONES 

Common methods of keying audio oscillators for AFSK 
lead to uneqoail mark and S|^ee ampfitudes^ The common 
method of obtaining an audio frequency shift signal is to 



TV width coil 
88mh toroid 



2125 center freq. 

570 Hz 
180 Hz 



2975 center freq. 

890 Hz 
330 Hz 
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Fig. 12-9. Common method of obtaining an audio 
frequency shift for RTTY. 



switch the tuning capacitance of an audio LC oscillator, as 
shown in Fig. 12-9. The space frequency (2975 Hz) is formed by 
LC, while the lower mark frequency (2125 Hz) is formed by L- 
(Cl + C2). While adding C2 lowers the frequency, it un- 
fortunately lowers the circuit impedance which usually lowers 
the Mark output level, depending on the oscillator circuit and 
the circuit Q. This reduced mark output can cause distortion in 
the receiver TU, and lowers the mark signal-to-noise ratio. 

This mark-space amplitude difference is either neglected 
or equalized by a C or LC network in the oscillator output. 
However, there is a much simpler method of tone equalization. 

The Twin City AFSK circuit was used as a typical 
osdllafor for t^ts, with the keying circuit temporarily 
omitted (Fig. 12-10). The mark amplitude was measured at 3 
db below the space amplitude. Let us see what can be done 
about this. 

Instead of thinking of the mark aiaplitude as being too 
low, let us con^der the space amplitude to be too high, and 

look for an easy way to lower it. Adding resistor Rl (Fig. 12-10) 
across the switch does the trick. The mark circuit (LC2 C2) is 
not affected, but the space circuit now has its Q lowered by Rl 
in series with C2. As the value of Rl is decreased from a very 
high value the space amplitude drops quickly, but the space 
frequency is almost unaffected, as shown in Fig. 12-11. For this 
particular circuit the tone amplitudes will be equal if Rl is 
125K. The space frequency shift due to Rl C2 is only ZVz Hz. 

Now let us continue with the diode keying circuit of the 
Twin City circuit, Fig. 12-12. Rl loads the space circuit through 
the keying diodes, Dl and D2. The circuit characteristics were 
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Fig. 12 10. Oscillator s^ctlsn # 
keying diodes. 
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Fig. 12-11. Effect of tuned circuit loading on amplitude 
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Fig, 12-12. Twin City keying circuit. 



first measured using silicon TV diodes (Texas Instruments U- 
213) for Dl and 02, with the results shown in Fig. 12-13. Note 
that the mark and space tones will be equal in amplitude if Rl 
is 250K. 

Next, gormaidum 1N35 diodes were tried. These are 
similar to the Twin City lN54's. Fig. 12-13 shows that the 
germanium diodes load the space circuit, due to their low 
back-resistance. Rl should be about 85K for equalization, but 
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Fig. 12-13. Effects of diode loading on space amplitude. 
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Fig.12-14.Using a SCR In a teletype series-wound motor. 



this will vary with the particuhir diodes used. (The voltage 
across the oscillator circuit is a bit high for lN54's and lN35's.) 
If Rl is 89K, as shown £a this l^ift City circuit, the space 
amplitude will be about 3 db below the mark, just the opposite 
of the usual situation. 

Wliile tlie proper value of Rl will vary with the circuit 
used, an equalizing value can be found for almost any 
oscillator and keying circuit. Remember that equal mark- 
space percentages of modulation are the goal. If your speech 
amphfier is not flat, this system will permit the proper am- 
plitude adjustments. 

MOTOR NOISE REDUCTION 

This circuit (Fig. 12-14) may be used for greatly reducing 
the spark and resulting interference from mokses &mt are 
commonly found in a Teletype machine. 

The resulting current across the governor contacts is 
reduced from about 1 ampere down to about 10 ma. The noise 
generated becomes completely inaudible. 

Whra there is no voltage coming into the gate of the SCR, 
the motor speeds up. When there is a slight negative voltage 
coming into the gate, the motor slows down. Using this theory, 
you can make up a little negative supply: the 1X21)71 and the 20 
mfd, 150-volt condenser. The out|)ut of this is then applied to a 
iwltage divider eonsisUng of UitK iWK. and 4.7K) , and the IK 
resistor between the gate and the cathode of the SCR. 
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Fig. 12-15. Rear view of a Model 14 Teletype with the SCR 
mounted at the lower right. It is mounted on the small 
bakelilA board with the condenser on the top. 



When the motor is either starting up or going too slowly, 
the governor contacts are closed, which makes the SCR 
receive no negative voltage, thus giving the motor more 
voltage. Wlicn the motor has attained its proper speed, the 
contacts open, and the SCR's gate receives a slight negative 
voltage, thereby decreasing the speed of the motor. 

You may find that you can further reduce any interference 
which may show up by substituting small 2.5 mh chokes in 
place of the lOO-ohm resistors. For the perfectionists, put an 
Ohmite Z-7 choke, bypassed to ground, in each lead coining out 
of the motor. 

RANGE ADJUSTMENT 

Most printers have a range adjustment, calibrated from 
zero to one hundred. If you adjust the range while copying an 
incoming signal you can see how far you can go in either 
durection before you start errors in your copy. Optimum is 
perfect copy from 10 to 90, as 80 point range. Errors will be at a 
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minimum under these conditions if you set the range at 50. If 
the transmitted signal favors either the mark or space 
frequencies you will find the range swinging to one side or the 
other. A range of 30 to 100 would indicate a 20 percent spacing 
bias, which would probably be due to an incorrectly adjusted 
polar relay somev/here along the line. If printer speed is 
slower than normal you will notice that both margins are 
Ftdsed, the lower margin going up more fhait the upper. Vice- 
versa for higher printer speeds. 
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CHAPTER 




Filters 



Until very recently filter design was essentially a cut-and-try 
proposition. Classical theory upon which the design was based 
called for physically impossible components in the filter, and 
substitution of realizable items led to inaccuracies in the 
design. This situation, fortunately, has now been cured. 

CLASSES OF FILTERS 

The purpose of a filter is to separate AC signals. In 
general, a filter must fall into one of four categories: highpass, 
lowpass, bandpass, or bandstop. A highpass filter passes all 
signals higher in frequency than its cutoff frequency and stops 
all lower-frequency signals. A lowpass filter does the reverse. 
A bandpass filter passes all signals between its lower and 
iQ)per cutoff frequencies and blocks signals either higher or 
lower in frequency than its passband limits, and a bandstop 
filter blocks passage of frequencies within its band while 
permitting all others to pass. 

These four categories of filters are based upon the action 
performed by the filter. Any filter, though, must operate at 
some specific frequency or frequencies. The frequencies in- 
volved may be subsonic, audio, intermediate, or radio 
frequencies. The design of any specific filter depends upon 
hath ftieacQimto be performed, and the operating frequencies 
involved, exponents employed in the filter, and the apparent 
principle <tf Ojperation, may vary widely with the action and 
the frequency. 

FILTERING ACTION 

However, when we get right down to the basics we find 
that all filters operate on the same basic principles despite 
apparent differences. These apparent differences are best 
iQli&frjBAea by isome exdnipeii of various filters: The filter 
portion of a power suiqply is a lowpass filter operating in the 
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subsonic frequency range, while the TVI filter on a trans- 
mitter output is usually a lowpass filter operating in the RF 
region. A TVI filter of the sort connected to affected TV 
receivers is a highpass filter operating in the RF range. The 
mechanical filter used in SSB work is a bandpass filter 
operating at tiie intermediate frequency, and so are the 
crystal lattice filters also used in SSB. For that matter, an IF 
Iransfcnrmer is a bandpass filter, as is my resonant circuit. 
RTTY filters are also bandpass designs, but operate in the AF 
region. 

All filters are based on the frequency-dependent 
properties of reactances (even the mechanical filter maices 
tise of the mechanical equivalent of electrical reactance). 
Capacitivc reactance, Xc decreases as signal frequency f 
rises, while inductive reactance XL goes up with increasing 
frequency. By proper choice of the type and amount of 
reactance any desired filter action can be obtained (within 
reasonable limits, as we shall see a little later). 

A Simple Filter 

To illustrate the principle, let us examine a single stage, 
subsonic, lowpass filter typical of those used in many power- 
supply designs. The schematic appears in Fig. 13-1. 

At frequencies far below the cutoff frequency of this stage, 
the inductor .presents a very low value of XL and the capacitor 
has a very high value of XC. Both reactances are so extreme 
that they may be ignored, and the filter becomes in effect a 
straight piece of wire with no effect on the signal. 

At frequencies far above cutoff, the situation reverses. 
The inductor's reactance is very great and the capacitor's 



Fig. 13-1. Single section low-pass filter. Values of L affMl C 
determine cutoff frequency of filter section. 
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reaetance is very low. The filter becomes in effect a dead 
short, with no path from input to output, and the signal is 
blocked. 

The "cutoff" frequency of this type of filter is defined as 
being that frequency at which XL equals XC. At this 
frequency, since reactance is equal in both directions, half the 
signal current flows to ground and the other half flows through 
the filter. The signal is neither passed without loss nor blocked 
completely. 

At frequencies near cutoff, the situation is similar to that 
at the tfutoff flrequency. Signals slightly below ctHtioff 

frequency will be slightly attenuated, but the lower ttie 
frequency becomes the more of the signal goes through and 
the less of the signal is bypassed to ground. Signals slightly 
above cutoff are still partially passed, but, as the frequency 
rises, less and less of the signal makes it through the filter. 
There is no such thing as a perfect filter which passes every 
thing below cutoff and blocks all above. 

Cascading 

Filter performance can be improved, though, by adding 
more stages. If two of these stages are cascaded one after the 
other, then at cutoff frequency the first stage will block half 
the signal and permit half to pass. The second stage will block 
half of the half that passes through the first, and permit only V4 
of the original signal to get through the composite filter. 

Adding a third such stage will reduce the output signal 
level to Vh that at the input. A fourth stage will have this, to one 
sixteenth the original love). Five stages will CUt the output tO 
one thirty-second, and so forth. 

When extra stages are added, though, the definition of 
cutoff frequency must be changed. Each stage's cutoff 
frequency is defined exactly as before, but the cutoff 
frequency of the filter as a composite unit becomes lower with 
each added stage, because for an^ filter the definition of cutoff 
frequency most generally used is: "UiAt frequency at which 
th e f i ite r reduces ou^ut signal level to half the level present at 
the input." 

Our two-stage filter in the example would have a com- 
posite cutoff frequency only 0.7071 times as great as the 
single-stage filter; the three-stage filters cutoff would be at a 

frequency half that of the single stage filter. These ratios 
apply only to the simple design shown in Fig. 13-2; more 
complex filter designs have different rates of cutoff -frequency 
change, and in general a filter is designed for specified per- 
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formancc rather than being builtup ofsoiieitli^ry number 

of identical stages. 



Highpass Filter 

\Vc have just examined the basic principles as applied to a 
simple lowpass filter. A highpass filter works the same, except 
that tte inductor and capacitor are interchanged so that 

signals above cutoff are passed and those below cutoff are 
blocked rather than vice versa as in the lowpass circuit. 

Bandpass Filters 

To get a bandpass filter, we could simply build a highpass 
filter with cutoff set at the lower band limit, and follow it by a 
lowpass filter with eutd'f set at iiie upper band limit. For 
extremely wide passbands this is sometimes done. One 
example is the 300-3000 Hz band frequently used for voice 
communication; this is too wide a bandpass for simple band- 
pass filters to handle, and the economical way out of the 
problem is to first trim off one limit and then trim the other. 

For narrow passbands, though, SOmOl^l^. niO^ Ji»^ « 
tuned circuit is generally used. 

Not all filter stages are as simple as that shown in Fig. 13- 
1. Tuned circuits may be included instead of sin^[>le i^c- 



Ffg. 13-2. Typical response curves of the four major 
cat^oriesof filters. These response curves are idealized: 
act^wai response curves hwm rnirf rmtvii^ corners and 
never quite reach the zero-output point. 
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tances, and the resonance frequencies may be far different 
from the intended cutoff frequency in order to modify filter 
performance. The variations possible in filter design on this 
basis gave rise to the image-parameter theory of filter design, 
which ruled the design of most filters for more than 30 years 
and even today is still widely used. 

However, reactances which satisfy the demands of image- 
parameter theory are physically impossible, because the 
theory demands that the resistive portion of the circuit be zero 
at cutoff frequency, changing in the same manner as a 
capadiiive reaetance below cutoff, and changing in the same 
manner as an inductive reactance above cutoff, while actual 
resistances are independent of frequency. 

Because many filter requirements are only approximate, 
this design method has been able to give circuits acceptable 
for most purposes. When more &mvmfe deiglfeis 
required, cut-and-try fitting of values was the normal course. 

Klrehoffs Laws 

Any filter, though, is a network of components connected 
together, and any such electrical network must obey certain 
basic rules known to engineers as Kirchoff's Laws. These 
state, in essence, that as much current must flow into any 
point as flows out and vice versa. We might say simply that the 
current must go somewhere it cannot just disappear! 

These rules can be written as a series of algebraic 
equations, and to apply them to the analysis of any arbitrary 
network we must do just Qiat Tim Iftws state ^t ^ 
current must be accounted for, and the equations do tbe ac- 
counting. 

MODERN NETWORK THEORY 

Since a filter is a network, the filter can be described by a 
suitable series of equations. The filler designer can then solve 
the equations to find the networli parameters which will 
produce optimum performance in some d^red re£|pect 
Performance will be poorer than optimum in some Other 
respects when this is done, since all design represents com- 
promises, but the modern network theory design technique for 
filters permits the designer to choose the performanqe he 
wants wh6re ^e image parameter approach permitted only 
one or two parameters to be designed for. 

The modern-network-theory design approach permits a 
number of different filter response curves, and the resulting 
different filters are usually identified by names associated 
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with the shapes Qiese curves. The two most widely known 
are the Chebishev (also spelled Tshebysheff, Chevishef, and 
Tshebishev) and the Butterworth filters. The Chebishev 
design provides the sharpest possible rate of cutoff at the cost 
of permitting ripple in the passband, while flie Butterwwth 
design maintains passband response flat at the cost of 
moderate phase shift and less steep cutoff rates. 

It may seon a bit odd for us to declare that all filters are 
based upon reactance when crystal lattice filters composed of 
several quartz crystals are so widely used, but electrically the 
crystal is just a very high-Q tuned circuit and contains both XL 
and XC. When used in a filter, the XL and XC provide the 
filtering aetion. 

Filter Performance Rating 

Filter performance is rated according to several factors, 
and the factors involved vary to some degree with the type of 
filter in question. One factor present in the rating of every 
filter is its attenuation; this is a measure of the signal level at 
the output side of the filter compared to the level at the input 
side. 

A^nuation Versus Frequetiey 

Every filter possesses some definite value of attenuation 
at every frequency. A low-pass filter has attenuation both 
below and above its cutoff frequency, as do highpass filters, 
bandpass, and bandstop varieties. Attenuation is usually 
expressed in db. 

If the output level at some specified frequency is the same 
as the input level, the attenuation at that frequency is 0-db. If 
0ie output level is zero for any values of input level (a con- 
dition theoretically possible but not attainable in practice 
because of stray coupling aroimd the filter), the attenuation at 
that frequency is infinite. 

A plot of attenuation versus frequency gives the response 
curve of the filter. Fig. 13-2 shows typical response curves for 
the tour categories of filters. 

Cutoff Frequency 

Another factor in common for all filters is cutoff 
frequency, but now that we have established the meaning of 
attenuation we are in position to define cutoff frequency more 
accurately than we did earlier. The cutoff frequency for a 
given attenuatiosmay be spewed as lie frequency at which 
Qie filter has that value of attenuation. Thus, the 3 db cutoff 
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frequency for a low-pass filter will be lower than the 6 db 
cutoff frequency. The definition we developed earlier: "that 
frequency at which output level is half of input level," actually 
(fefines the 6 db cutoff frequency of any filter. 

A glance at Fig. 13-2 will show that both bandpass and 
bandstop filters have not one but two cutoff frequencies, since 
for any specified value of attenuation there is a frequency 
below the filter's center frequency which has that attenuation, 
and another frequency above center frequency. The two cutoff 
frequencies of band filters are designated as upper and lower 
cutoff frequoicies. 

DB Per Octave 

Sometimes filters are compared according to their slope 
or cutoff rate. This is a relative term referring to the rate at 
which attenuation changes with frequency. Engineers speak 
of slope or cutoff rate in units of db per octave; this means the 
number of db change in attenuation when the frequency is 
doubled. A single reactance has a slope of 6db per octave; that 
is, if frequency is doubled the reactance is either doubled or 
halved, ahd ^6 resulting ratio is 6 db (2rl voltage or current, 
and 4:1 powerratio). Filters with two reactances usually have 
slopes of 12 db per octave, with the slope increasing 6 db per 
octave for each added reactance in the filter. This is not an 
airtight law, however; many filters have slopes which do not 
follow this rule, and almost no filter follows this rule at 
frequencies near the cutoff pdnt or within the passband. 

Bandwidth 

All filters have a bandwidth, but the term has different 
meanings depending on whether the filter is (1) low-pass or 
high-pass, or (2) bandpass or bandstop. For low-pass or high- 
pass filters, the bandwidth for a specified attenuation is the 
actual frequency at which the filter has that attenuation. The 
width means the number of cycles from zero frequency to the 
frequency in question. Thus the bandwidth for 3 db attenuation 
«ri l<b#<paia5 filter with a 3 db eiitoff Umicfa&aey iit m Hz is 109 
Hz. 

For symmetrical bandpass or bandstop filters, the band- 
width is the difference ( in hertz) between tlie two cutoff points 
for the specified attenuation. A bandpass filter with an upper 3 
db cut(^frecpien(^ of td kBis and a lower s db cutoff frequency 
of 8 kHz would have a 3 db bandwidth of 10 minus 8 or 2 kHz. 
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Bandwidth is always specified for a definite attenuation 
level, because it is d^ined in terms of cutoff frequencies, 
which are themselves deHned only by attenuation level. 

Unless the attenuation level is specified, any use of bandwidttll 
as a rating factor is meaningless. 

For bandpass filters in particular, the bandwidth is one of 
the primary measurements, but it is by no means the only one. 
Cionsfder two different bandpass fSUats, bol^ liaving 6 db 
bandwidths of 3000 Hz. The first, however, is a very simple 
filter with only a few reactances and consequently has a very 
slow rate of cutoff, while the other is a complex Chebishev 
design with steepest possible cutoff rate. The first filter may 
Bave a 60 db bandwidfli of % kHz: the 60 db bandwidth of the 
second might be as narrow as 6 kHz (Fig. 13-3) . Obviously, the 
second of these filters will do a far better job of trimming 
i^fOied signals down to its passbmid. 

Shape Factor 

The term shape factor is used to describe the property we 
have jlist compart. The shape referred to is that of the filter's 
response curve. A perfect bandpass filter would have ab- 
solutely vertical sides to its response curve, with zero at- 
tenuation between the two cutoff frequencies and infinite 
attenuation outside that range. Actual bandpass filters have 







A 











Fig. 13-3. Significance of shape factor is shown here. Both 
filters whose response curves are illustrated have 6 db 
bandwidths of 3 kHz. That in solid lines has a 60 db band- 
width of only 6 kHz, while that in dotted lines has 60 db 
bandwidth of 30 kHz. Djlff«iNsfic<& fn e^ie^sns passband is 
clearly evident. 
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response curve which vary from a barely perceptible hump up 
to a steep-sided curve very much like that of the perfect filter. 

The shape factor oi a bandpass filter is the ratio between 
its bandwidths at two different attenuation levels. In bam 
practice, the 6 db and 60 db bandwidths are the ones most often 
used. The shape factor ratio is always obtained by dividing the 
larger bandwidth by the smaller, so that it is always greater 
than 1. A perfect filter with vertical sides to the response curve 
would have the same bandwidth at all attenuation levels, and 
so would have a shape factor of 1. Practical filters always 
have greater bandwidth at high attenuation levels than they do 
at the lower-attenuation points, and so their shape factors are 
always greater than 1. If the 6 db bandwidth of a filter is 1.5 
kHz and the 60 db bandwidth is 3.0 kHz, the 6-60 db shape factor 
of that filler is 3.0 divided by 1.5 or 2; this represents excellent 
performance. Many bandpass filters in use today have shape 
factors as great as 10. The shape factor of a single tuned cir- 
cuit when used as a bandpass filter may be as grc^tas 100. 

HOW mMMW Msmi^im fijlters constructed? 

One of the requirements for any receiver intended to 
operate in today's crowded RF spectrum is that it have ex- 
treme selectivity. Ideally, it should be able to tune in either 
sideband of an AM signal while rejecting both the carrier and 
the other sideband. This is known as selectable sideband 
capability, and marks an extremely selective receiver. 

Almost universally^ such selectivity is achieved by use of 
bandpass filters dperatinfin tb^ I^ or IDP* range. Since normal 
IF's are actually radio frequencies, we'll lump ttese filters 
together for our discussion. 

RF bandpass filters capable of providing shape factors 
smaller than about 10 are most often one of two major types: 
mechanical filters and crystal filters. We won't go into details 
of the mechanical filters here, since they have little to do with 
electrical and electronic phenomena. 

CrySUl Inters 

Crystal filters, themselves, divide into two major groups. 
One of them uses only a single crystal, to provide a very 
narrow response curve with relatively poor shape factor. This 

type, which was standard equipment on older communications 
receivers, provides excellent results on CW but is not so good 
for reception of voice signals. The second group, which used 
two or moire crystals, provides greater bandwidth than the 
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first, with smaller shape factor. It is widely used in SSB 
operation, since the shape of its response curve matches the 
requirements for voice communication. 

The single-crystal type of filter is normally known simply 
as a crystal filter, while those using two or more crystals are 
generally called crystal lattice filters. Technically, a lattice 
filter must use four crystals, or multiples of four, but an 
electrically equivalent circuit called a half-lattice requires 
only two crystals, and is possibly the most popular type of 
lattice filter in use now. 

Let us examine both groups of filters separately, taking 
the older single-crystal filter first. The schematic of a typical 
single-crystal filter circuit appears in Fig. 13-4. The driving 
transformer splits the signal into a pair of signals, equal in 
strength but opposite in phase. One of these two signals is 
applied to the cjuartz crystal while the other is applied to a 
phasing condenser which is simply a variable capacitor. The 
two signals are tlien put back together at the input to an am-^ 
plifier stage. 

The quartz crystal is equivalent to a very high-Q resonant 
circuit: it lias both series and parallel resonances. At the 
frequency of series resonance, it is an extremely low 
resistance, while at the frequency of parallel resonance it is an 
extremely high resistance. In the absence of the phasing 
condenser, this circuit would permit signals at series 
resonance to pass through almost unchanged, while at- 
tenuating signals at other frequencies greatly and provicUng 
almost infinite attenuation at parallel resonance. 




Fig. 13-4. Typical single-crystal IF filter of type used for 
CW reception. Adfustment of capacitor tunes out parallel 
resonance of crystal to give symmetrical passband/ or 
can move parallel resonance to either side of series 
resonance to insert a "reJecMan notch" anywhere within 
passband except at series resonant frequency Itself. 
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Phasing Condenser 



The phasing condenser, however, provides an alternate 

path for the signal around the crystal. When the phasing 
condenser is adjusted so that its capacitor exactly balances 
the parallel capacitance of the crystal and its holder, the 
parallel resonance of the crystal is eliminated and the filter's 
response curve becomes a single sharp peak. The rejection 
notch at parallel resonance is eliminated. 

When the phasing condenser is adjusted for either more or 
less capacitance than that required to balance the crystal, the 
effect is to tune the parallel resonance of the crystal to some 
definite frequency. This introduces the rejection notch, and 
makes it possible to move the rejection notch relative to the 
passbandpeak, permitting a single interfering frequency to be 
notched out of the signal. 

Adjustment of resistance Rl modifies the loading imposed 
on the filter, and varies the effective bandwidth. The 6 db 
bandwidth of such a filter circuit can be varied from about 50 
Hz when Rl is extremely large, out to greater than 6 kHz when 
Rl Is v&y small. 

Multiple-Crystal Filters 

The multiple-crystal filler designs are based on the lattice 
structure shown in Fig. 13-5. Eaefa section of this lattice 
structure consists of one or more crystals, and provides the 
equivalent of the circuit shown in Fig. 13-6. Much of this cir- 
cuitry can be eliminated by replacing the lattice with its 
equivalent shown in Fig. 13-7, the lattice arms themselves now 
require only single quaitz a'S^ls using their series 
resonances. 

Characteristics of such a filter are determined primarily 
by the number of crystals used, and the degree to which they 
are matched. Those crystals marked A and those marked B 
must not tune to the same frequency. In fact, the spacing 

between the series resonant frequency of crystals A and that 
of crystals B is the major factor determining the filter's 

GI|)^s%ev TedhflAqaes 

Design of such a filter is done by modem network theory, 

usually using the Chebishev techniques, and is too complex for 
us to explore here. In general, the bandwidth determines the 
spacing between resonant frequencies of the two groups of 
crystals. Within each group, characteristics of each crystal 
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Fig. 13-5. Full-lattice filter arrangement in block diagram 
form. Each block represents an impedance having 
characteristics of ttie circuit shown in Fig. 13-6. When 
fnterconnected as stk>wn here, passbands of A and B 
sections interact to provide a flat-topped passband wfth 
excellent shape factor. 
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Fig. 13-6. Equivalent circuit of each impedance in full 
lattice filter. Parallel resonant circuit at left represents 
parallel resonance composed of crystal and stray circuit 
capacftance, together with loading resistances. Series- 
resonant circuit at right (which may be extended in- 
definitely as indicated by dottled lines) represents series 
resonances of each crystal in each leg. Impedances A and 
B are parallel resonant at lower cutoff frequency. Series 
resonances introduce infinite rejection notches just 
outside passband to sharpen skirts of filter. 
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Fig. 13-7. Load resistances and stray circuit capacitance 
of full laWce fflfer can be moved to Input and output 
terminals as indicated here. This circuit Is electrically the 
same as that of Fig. 13-5. Each A and B block is still the 
circuit of Fig. 13-6, which may In practice consist of a 
single crystal for each block. 

must match as closely as possible. Many commercial crystal 
filters use a single crystal with multiple electrodes on it. Each 
pair of such electrodes serving as a different crystal in the 
lattice, to sssaee ideAtfeal #aracteristics. So long as the 
filter's center frequency isiiet greatcr than about 250 times its 
desired bandwidth, good shape factor can be attained easily. 
That is, for a phone bandwidth of 3 kHz, any center frequency 
up to 750 kHz could be employed. In fact, successful lattice 
filters with centar frequencies as high as 10 MBz ant baiAl- 
widths as small as 2 kHz have been built, but design is more 
critical. 

DISCRIMINATORS 

Teleprinter operation by amateurs usually consists of the 
transmission of two frequencies, one separated from the other 
by 850 cycles. One frequency reti^resents the mark signal and 
the other the space signal. Withlrequency shift keying (FSK) 
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normal practice is to have the lower of the two frequencies as 
the space signal and the higher frequency the mark signal. 

The problem in reception is, briefly stated, to use specialized 
receiving equipment which, when the frequency representing 
the marlc signal is received, provides current to the selector 
magnet of the machine and when the space signal is received 
cuts off the flow of current to this magnet. A filter (or a 
discriminator, which is basically a specialized form of a filter) 
must be used for separating this information. Our objective 
her« wUl be to give some ii^eatieii of &e considerations that 
go into the choice of filter, and some help in getting a 
reasonably adequate filter operating. 

MAB Keying 

One of the simplest systems to get operating is a system 
which uses only one of the two signate. Briefly, if you have an 
FSK signal bang received by a receiver ^jOt eiiiier a 500 cycle 

mechanical filter or a good crystal filtK" you can tune the 
receiver so as to pass only one of the two signals. If you then 
rectify and filter the audio tone coming from the receiver you 
will have a DC signal that switches on and off depending on 
whether a mark or a space is being transmitted. This can then 
be amplified (by relays, tubes, transistors, or magamps) and 
used to control the printer. It has the viture of simplicity, but 
laifortunately it also has tiie accompanying di^ecte. It b <)ntle 
isensitive to noise and to interference. It also discards half of 
the information being transmitted, a luxury we can seldom 
afford with the present level of ham band occupancy. Quite 
obviously, the transmitting station could save power by 
merely transmitting either the mark or space only— this is 
sometimes done and is known as make and break keying 
(m.a.b.). Some countries do not permit amateur FSK 
(^rations and the hams are forced to this less effid^ 
system. 

Cycle Counter 

Another relatively simple type of filter that is sometimes 

used is a cycle counter. This circuit, which is used in simple 
frequency meters, gives a DC voltage output which is 
proportional to the frequency of the inpot signal. This voltage 

output is fed to circuits which give a currMit on condition for a 
voltage output below a certain level and a current off condition 
for a \ oltage abo\ e a certain le\ el. This level is adjustable and 
is normally set at an output voltage level corresponding to an 
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input frequency half-way between the mark and space output 
frequencies. The circuitry is simple, consisting only of 
resistors, capacitors, and tubes or transistors. No complex 
adjustment procedures are involved and it is quite tolerant of 
varying input frequencies and receiver drift. The very 
tolerance and simplicity which are so appealing are also the 
qualities which make it less than adequate. It is very sensitive 
to noise and interference, and while it does a good job when 
conditions are good, it fails dismally when the going gets 
rough. 

Basic Discriminator 

By far the most widely used filter systems are those which 
employ what is basically a discriminator. The simplest forms 
are those operating at the interme^ate frequency of the 
receiver and having a peak-to-peak separation of about 1000 
cycles. The circuits are substantially the same as con- 
ventional FM receivers and, unlike the two systems 
previously described, have the noise cancellation charac- 
teristics of PM discriminators. They can also tolerate a 
modest amount of drift and will work for signals ranging from 
relatively short shifts (short shift is the term usually applied 
tosliiftsof less than the usual 850 cycles) up to those with shifts 
of the order of 1000 cycles. This has considerable merit for 
even the most casual of checks will indicate that while 850 
cycles is generally accepted as the standard by the amateur 
fraternity, some RTTY'ers have only a very foggy notion of 
wiuU constitutes 850 cycles. 

Receiving short shifts is a distinct advantage— you can 
copy some of the commercial stations using 425 cycle shift, 
and you can experiment with even smaller shifts. However, if 
your primary concern is with short shift signals, it would be 
far better to have a discrii%iinator with a peak-to-peak 
separation of only 10 percent more than the desired shift. With 
this circuit the output voltage is proportional to the frequency 
shift from the center frequency, thus with a 1000 cycle 
discriminator being used on a 170 cycle shift signal, an in- 
terfering signal of equal strength bttf S(X) «^di» tliray fitnA ttie 
center frequency wUl give far greater oufpot voltage than the 
desired signal. 

This technique has another disadvantage however— it will 
not work conveniently on an AFSK signal. You can, by careful 
tuning and continuous watching make it operate, but in the 
process you lose the freedom from drift problem that imk» 
AFSK operation on VHF such a pleasant change. 
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Resonant Circuit PiftBrjhp^totr 



The most widely used system is the audio discriminator 
type which uses one resonant circuit for the mark channel and 
another fesmant circuit for the space channel. With relative 
low-Q resonant circuits, this is substantially the same as the 
AF discriminator (see Fig. 13-8). However, it does have the 
added advantage of being equally useful for both FSK and 
AFSK. With iiigher-Q inductors you sacrifice the ability to 
operate wttti Short shifts; but you improve the interference 
rejection capabilities of the system, and at the same time 
decrease the effective bandwidth with a resulting increase in 
the signal-to-noi,^e ratio. (See Fig. 13-8.) The problem for the 
amateur RTTY operator has been two-fold, first obtaining 
inductances with reasonably high Q, and secondly, actually 
tuning up the unit, once suitable inductors had been procured. 

As for inductors, some of the earliest units which were 
described used conventional chokes or transformers with 
laminations removed or otherwise modified. These were very 
low-Q units and while some of them used multiple resonant 
circuits to improve the performance they were still relatively 
poor filters. A number of subsequent units used slug-tuned 
inductors which were designed for television sets. While the Q 
of these inductances was reasonably good at higher 
frequencies, their Q and thus their resulting performance at 
2125 and 2975 cycles was poor. The best Q and the best per- 
formance are to be had from molybdenum permalloy toroids. 
There are a nimiber of possible sources for these toroids. If 
you are more affluent than the average ham you can go out 
and buy them with precisely the inductance you desire for a 




Fig. 13-8. Discriminator response curves. (A) Simple IF 
type discriminator. (B) Single toroid In each ai»etlon. (C) 
Double toroid in each section. 



price between $5 and $10 each. A second alternative is to buy 
the cores for about $1 each and wind them yourself. It is not 
particularly difficult and you can get precisely the values you 
want. A third alternative is to find some surplus filters which 
tmve usable tordds in litem and disassemble the filters. This 
technique provided about 300 excellent toroids for one group of 
RTTY'ers at a cost of less than 25c a doughnut. This was the 
result of a trip to various radio equipment and surplus stores, 
buying a sample of every likely looking filter, then taking 
tiiem home and unpotting them to find what was inside. The 
last and most common source of these toroids is the 88-mh 
loaduig coils that are used by telephone companies in large 
quantities. Th&e are widely advertised and in small quan- 
tities cost on the order of $1 each. 

Performance 

So much fiw supply problems, back to performance. The 
88-mh units used in a single resonant circuit for each of the two 
frequencies have a number of drawbacks. The response is 
more sharply peaked than is desirable for general use. Ideally 
this could be improved by using large inductances which 
would result in a higher LC ratio— inductances of 500 mh or so 
are better in single tuned circuits. Another drawback Is the 
fact that using the same value of inductance in each resonant 
ekaiM results in a LC that is sjfghfficanfly different in the two 
drcuits (by a factor of about 2 to 1). .An added source of 
variation is the change in Q of the inductors as a function of 
frequency. 

IdeaUy, you not only want the peak output of each of the 
two response curves to be equal in value (and this condition is 
readily achieved by adjusting the inputs of the two circuits), 
but you also want the area under the two curves to be equal. 
The latter requirement will rsssult in optimum noise c&n- 
cellation in the output of the discriminator. This assumes, of 
course, that by noise you are referring to an input which is 
stochastically distributed within the relevant frequency 
limits. 

Simple FUter With Two Toroids 

The next step toward this ideal and toward improved 
performance is to use a more complex filter. The most com- 
mon is a single filter using two toroids in each channel with 

capacitive coupling between the two resonant circuits. This is 
just two resonant circuits in which the over-couphng is ad- 
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justed to broaden the response curves so that the bandpass in 
both the mark and space channels are the same. This type of 
mm has ym wiMy used. The basie filter with the ap- 
propritte.^alc^:ls shown in Fig. 13-9. The values given are for 
a bandwidth of 200 cycles. This bandwidth is recommended for 
general operation, and represents a compromise between a 
desire for a better signal-to-noise ratio and better rejection of 
interfering signals that results from a narrower bandwidth— 
and the ease of tuning, tolerance of moderate drift, and ability 
to accept inaccurate shifts that result from wider bandwidths. 
if you have a good stable reeeiver and don'tiffi^ tetuning 
now and then, you can use a narrower bandpass. 

Bandpass 

The question often arises as to how narrow a bandpass can 

be used. This will, in fact, depend on the signal-to-noise ratio, 
the printer speed (baud rate), the characteristics of the filter 
you use, the number of errors you are willing to tolerate, and 
the signal processing after the filter. For the average ham, the 
only two factors he can control in his terminal unit are the 
filter characteristics and the signal processing after the filter. 
There is commercial equipment on the market which trans- 
mits information at baud rates which are greater than the 
bandwidth (in cycles) of the circuit, and there is much 
equipment where this ratio is almost 1:1. Thus, it should be 
feasible (since amateur operation is at 60 wpm or about 45 
bauds) to use filters which are considerably sharper than the 
20(H:ycle figure suggei^ fcnr general use. The &tvof tMts a 




Li&U Ci&Cji Cc Link 
2125 cps 88mhy. .06 .0059 9 turns 
2975 eps 88 mhy. .03 .0022 S turns 



Fig. 13-9. Basic filter with values. 



ham can tolenite (or for that matter by quite pleased with), is 
far higher than would be considered acceptable in normal 
commercial practice. Luckily languages have a relatively 
large order of redundancy and an error in one letter of a word 
now and then does not normally destroy the meaning of a 
sentence. 



Basic Designs 

When one starts considering sharp filters another factor 
becomes important: these filters do not merely have to 
discriminate between two frequencies, they must respond 
(and the faster the better), to pulses of the given frequencies 
which at the fastest reversal rate are 22 milliseconds in length. 
If the risetime of the filter is too long relative to the pulse 
length, you will have poor performance regardless of the fine 
shape of the steady state frequency response curve. You can 
design three basic types of filters (Fig. 13-10), the most 
common being the Butterworth or maximally flat amplitude 
response type. These have a flat response across the top and 
relatively steep skirts. A second type is the Chebishev, which 
is becoming increasingly popular. Briefly put, if you are 
willing to tolerate some ripple across the passband of the 
filter, you can achieve better skirt selectivity characteristics; 
and the more ripple you can tolerate the steeper you can make 
the skirts. The third class of filters are those designed for 
maximally linear phase variation across the passband of the 
filter. This type does not have as steep skirts as either of the 
other types, and does not hinpe a flat amplittide i?«rsponse 
across the passband— it is in fact peaked in the center of the 
passband and falls off gradually toward the edges of the 
passband. It does have a significant advantage, it has a faster 
risetime than the other types of filters and hence is more 
appropriate for use with pulse inputs. It is also less subject to 
ringing which often becomes a significant problem with sharp, 
steep sided filters. If you want to try .better filters than the 
simple two section variety described earlier, by all means me 
the maximally linear phase characteristic. 

Since the objective is to recover from the two tones in- 
formation in the form of 22-millisecond pulses, the fastest 
possible case (successive mark-space signal reversals) is a 
square wave of about 23 cps. You must recover the third order 
products in order to reasonably reconstitute this square wave 
which was being transmitted, if you have no provision for 
pulse reshaping following the discriminator. 



Each audio tone may be considered as consisting of a 
carrierontheparticular center frequency (2125 or 2975) which 
is modulated by a square wave. At the fastest reversal rate 
you liave 22 millisecond pulses or a square wave of ap- 
proximately 23 cycles, this is approximately what you have 
when RYftYRY...is being transmitted. The average 
modulation rate is lower than this, but this represents the 
maximum requirement of the system. This square wave 
produces the usual Fourrier series of sidebands, thus you have 
the 2125 cycle carrier, the first order sidebands at 2125 plus or 
minus 23 cycles, the third order sidebands at 2125 plus or 
minus 3x23 cycles, and all the rest of the odd order sidebands. 
The major portion of the energy is in the carrier and the first 
order sidebands, with deereasliig amoimte of eDei!|^ in ike 
higher order sidebands. 

We can separate the input to the filter into three basic 
components: the tone carrier, noise (by wfan^ ire msm 
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Filter response curves: 

a. Maximally linear phase design 

b. Butterworth (maximally flat amplitude] 
c Chcbyshev 



Fig. 13-10. Filter response curves. (A) Maximally linear 
phase design. (B) Butferwioirfh (maximally tiat am- 
plitude). (C) Chebishev. 
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stochastically distributed inputs), and frequency (by which 
we mean signals with a coherent frequency distribution which 

may appear within the passband of the filter). When we 
narrow the bandpass of the filter we are affecting all three 
inputs: 1. We are discarding higher order sidebands of the 
desired signal; 2. We are decreasing the noise, and 3. We are 
decreasing the probability of receiving an interfering signal. 
The first mentioned effect is the price we pay for the ad- 
vantages of the last two. When we go from a filter that passes 
the fifth order sidebands to one that passes only the third order 
sidebands we find we have decreased the noise to 60 percent of 
the former value and the probability of interference by the 
same amount, and since the loss in information in the fifth 
order sidebands is not this large we increase the signal-to- 
noise tafio aiii^ tim i0idi&tey of the system. Now if we 
decrease the jailer fiwrn a bandwidth that passes the third 
order sidebands to that which passes only the first order 
sidebands we have decreased the noise by a factor of three, the 
probability of interference by the same amount, and the in- 
formation we have lost is substantially less than this amount. 
Don't try to take it any further or you .start losing ground. Note 
that the modulation rate is not normally the 23 cycle square 
wave, it actually varies from nearly zero to this figure. This is 
not to imply that you cannot go further— there is a theorem in 
information theory that says you can transmit an infinite 
amount of information in an infinitely small bandwidth if you 
Iiave an infinitely high signal to noise ratio. The last is what 
ytni don't have. Blven to go te the Ihxtit indicated of a 46 cps 
bandpass which recovers only first order sidebands would 
require perfect stability, excelletit filters, and the best in 
signal reprocessing techniques. 

Square Wave Restoration 

Any terminal unit of reasonable design will, in fact, in- 
corporate some facility for pulse reshaping— perhaps the most 
common and elementary device is a relay. With inputs above a 
certain level this will be on and at inputs below a certain level 
it will be off, and if you feed low frequency sine wave input to it 
you will get a square wave out of it. latere is, in fact, no 
requirement for a reasonably square wave input. It has the 
obvious disadvantage that the hystersis or difference between 
pull in and drop OUtlevels is too great and that the adjustments 
of the characteristics are usually mechanical and extremely 
<fifficult. Because it is a mechanical conversion device the 
speed at which it reacts is limited. Further it tends to stray 



254 



from optimum adjustm^tttjftVer time and inas contacts which 
generate a species ol noise which is very difficult to eliminate. 

The same object can be accomplished electronically, and 
it can be done in a fashion so that the action can be readily 
adjusted and the noise ol mechanical contacts eliminated. 
Probably the simplest electronic means of reconstituting a 
square wave is to overdrive an amplifier that is fed by the 
degraded waveform. This technique has been vMeiy used and 
while it gives relatively good square wave output it lacks 
flexibility, and is it possible with certain settings to get in- 
termediate outputs which are neither on nor off. A better 
technique— which can be easily adjusted over a wide range 
and giveiS only on and off outputs— is the Schmitt trigger. 
These can be readily built with either tubes or transistors 
(although with this circuit the transistor version is simpler 
and easier to work with). 

Schtnitt Tdf^i* 

Fig. 13-11 gives an excellent illustration of the action of a 
Schmitt trigger when the trigger level is varied over the 




ournjTATii^FeREAt serriMS »rmMH levcl: 

. n_rn 




Fig. 13-n. Action of Schmitt trigger with Irratic Input 

levels. 
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NOTE; 

1. DIODE : HOFFMAN HB-I 

2. TRANSISTORS 2N2374 (HIGH BETA PNP) 



Fig. 13-12. Schematic of typical Sclimitt trigger using 

transistors. 

operating range. Here the positive direction corresponds to a 
mark signal and the negative direction to a space. Levels A, B, 
and D give misprints, while setting C gives a practically 
perfect letter F. Note here that regardless of the input voltage 
wave shape that the output from the trigger is a perfect square 
wave. The filters do not have to deliver a reasonably square 
output— they merely have to separate the input signal into two 
channels and deliver the resulting outputs to the 
discriminator. The Schmitt trigger then electronically makes 
the decision as to whether a mark or a space is being trans- 
mitted. Hi^ decijdon is based en ffie relia^e amplitudes of 
the outputs of the two channels. The bias level setting com- 
pensates for continuous unwanted signals in either channel, or 
in the case of AFSK for variations in the levels of mark and 
space tones being transmitted. (This varies more widely than 
you wdold suspect, having these within 215 percent is better 
than par for the course.) 

Fig. 13-12 gives the circuit of a typical transistor Schmitt 
trigger. The trigger level without the bias potentiometer is 
about -.8 volts, but with the variable bias this point may be 
varied over a plus or minus 10 volt range. Provision should be 
made in the terminal unit to insure that the discriminator 
output voltage range does not exceed this 20 volt peak-to-peak 
range. In actual practice there is a small amount of hystersis 
in the circuit, the output flips to the on condition when the input 
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exceeds -.83 volts and turns off when the input falls below -.80 
volts. This difference of .03 volts is of no import when com- 
pared with the 2()-volt range of the input from the 
discriminator. Compare this with the typical relay which has a 
2tl range between pull-in and fall-out. 

It should be noted that even if no explicit restoration 
technique is used in the terminal unit, you will get it in the 
printer as a result of the action of the armature of the selector 
magnet of the machine. This is the poorest of all techniques, 
adjustment will be critical, and the range of the machine will 
be very narrow. This function sliould be provided in the ter- 
minal unit, should have minimum hystersis, and should have 
as wide a rangie of adjustment as possible. 

Filter Tuning 

The next step, once you decide on the filter you want, 
would logically be to tune up the filter. But for those who don't 
have countars available it might be best to turn your attention 
to some sort of frequency standard. If tuning up the filter is 
going to be a one shot affair, the most reasonable procedure is 
to use the standard audio tones broadcast by WWV or one of 
the other standard frequency stations, along with an 
oscilloscope to give you the appropriate Lissajous patterns. 
After your audio signal generator has warmed up, completely 
calibrate it as accurately as possible in the 2000-2250 and 2850- 
3100 cycle regions. For those who desire greater precision than 
or plan to do an appreciable amotmt of work, dther 
borrow or build a standard for the common RTTY frequen- 
cies. There are two types of standards in use, both of which do 
an admirable job. The first and most common— although not 
the easiest to build is the tuning fork standard. This uses a 
tuning fork as a resonant element and normally operates on a 
frequency of 425 cycles. These are made with standard 435 
cycle tuning forlcs which have been lowered to 425 cycles 
either by loading the ends of the tynes with solder or by filling 
the crotch of the fork. They serve admirably for tuning up 
filters and checking RTTY equipment. With an oscilloscope 
they give you 5:1 and 7:1 Lissajous patterns with the standard 
2125 and 2975 frequencies. They are also handy f r setting the 
850-cyclc shift in FSK operation. The alternative approach is 
to build a crystal oscillator for 446.25 kHz (there are standard 
surplus FT-241 crystal units that are approximately this 
frequency. They may be easily brought to precise frequency 
by edge grinding the crystal). The oscillator is followed by two 
successive multivibrator dividers— the first dividing by 6 and 
the second dividing by 5. The end result is a staodnorjdl 
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Fig. 13-13. Setup for tuning a filter circuit. 



frequency of 14,875 cycles. This, too, gives the 5:1 and 7;1 
Lissajous patterns with the standard frequencies. If you in- 
tend to do much RTTY work, they are handy gadgets to have. 

The next requirement is a voltage indicator, if you are 
using a counter or a well calibrated audio signal generator, a 
good AC VTVM is all that is needed. If you are using one of the 
firequency standards, an oscilloscope is highly desirable since 
you can check amplitude and frequency at the same time. The 
basic setup is to feed the output of the audio signal generator 
through an isolating resistor to the circuit under test, and in 
turn, through another isolating resistor feed the Y axis of the 
oscilloscope. (See Fig. i3-13.) The two resistors should be 1 
megohm or higher. The standard signal generator should be 
fed to the X axis of the scope to permit observation of the 
Lissajous patterns for calibration purposes. With this set up 
you tune the circuit for resonance (which is indicated by 
maximum amplitude) at the proper frequent^ (which is in- 
dicated by the Lissajous patterns). 

Tuning the circuits to resonance is naturally the basic 
process of varying L or C. With the usual 88-mh toroids there is 
usually not much variation from one unit to the next. They 
seem to be wound to relatively tight tolerances. The easiest 
method by far is to have a large number of capacitors of ap- 
proximately the correct value, and just keep trying different 
ones until you find the right value. The typical spread on 
capacitors is fairly wide and the selection process is fairly 
simple. A similar technique which requires fewer capacitors 
is to use two capacitors to get a given value— the .06 mfd that is 
nee^ WWm'^^ei'^mMf^tim b0 obtained from an ^01 
and an .06 in paraUd, and resonance can be achieved from a 
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relatively modest supply of each by successively trying 
various combinations of the two. Of course, if a given 

capacitor falls slightly below the desired capacitance, a small 
capacitor can be added for precise resonance. If your stock of 
^padt^is smi^, the eaisfesi adjustment is in tigiicoftibeF of 
turns on the toroid. It is easy to add a few turns, or peel crff a 
few to tune the circuit to resonance. 

A simple two-toroid filter and approximate values were 
given in Fig. 13-9. There are two basic ways to attack this 
problem. The first, and most elegant, is to tune both Ll-Cl 
and L2-C2 to a frequency of 100 Hz (i.e., half the desired 
bandwidth of the filter) higher than the desired center 
frequency. In this case the frequencies would be 2225 Hz for 
the pair intended for the mark filter and 3075 Hz for the pair 
intended for the space filter. If you have a 425 fork standard 
you will find it quite convenient to use a 21 :4 Lissajous pattern, 
which gives you a frequency 425-4 or 106 Hz high. On the space 
filt@p use a ^S:4 Liisajous. Then assemble the filter and try 
successive values of coupling capacitors— the correct value 
will extend the passband of the filter to the desired limit on the 
lower side of the center frequency. The larger the value of 
coupling capacitor the wider the bandpass of the filter. For 
narrower filters, the pairs are initially tuned to frequencies 
closer to the center frequency and the coupling capacitors are 
not as large. An excellent approximation of the coupling 
capacitor can be obtained by shunting a single LC circuit with 
the coupling capacitor. The circuit should then tune to the 
center frequency. 

The other method is to select the value of the coupling 
capacitor (Cc in the table) and tune each pair inclividually to 
the center frequency. Thus, you will first resonate LKCl + 
Cc) to 2125 Hz, then remove Cc from this circuit and resonant 
L2 (Cl + Cc) to 2125 Hz, and finally assemble the filter in the 
final circuit configuration. This is easier than the first method 
and only requires the use of the 2125 Hz reference frequency 
rsiiSm diuilling back and forth %»elween the two sides of 
the cehter frequency. This procedure should best be followed 
with the filter in place or at least with the operating load 
circuit connected since when it is actually installed there will 
Romally be added capacitance across at least the last of the 
two toroids. Merely shorting out the toroid not being tuned will 
place the coi$>Ung capacitor across the appropriate resonant 
circuit. 

You will quite probably find when you have finished the 
tuning that the passband is not flat. This will depend on the 
loading of the filter. The response can be smoothed out by 
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adding a resistor across the final toroid. Do not do this until it 
is installed in the operating circuit, however, since this may 
provide sufficient loading. If you still have a double-humped 
response add a resistance of whatever value is required to 
smooth out the response. This value of resistance will not be 
the same for both the mark and the space filters, since the 
loads will be approximately the same Qie two ivMe their 
impedances vary by a factor of about 2:1. 

The values given are for the standard 88-mh units, but if 
you have other toroids you can merely adjust the capacitance 

values by the appropriate ratios and use the .-amo tuning 
procedures. If you have different inciuctance toroids, you 
should use the larger inductances in the 2125 Hz filter and the 
smaller inductances in the 2975 Hz filter. 

The input to the filter is easily accomplished by winding 
tncns on the toroids. The output section preceding the filter 
^ould use a plate to voice coil or collector to voice coil trans- 
former. The voice coil winding provides matching to the links 
wound on the toroids. The number of turns on the links are 
adjusted to give equal output from each of the two filters. This 
adjustment, while not difficult, is important since the outputs 
of the two filters are so arranged that when there is an in- 
terfering signal or noise with equal amplitude In both chan- 
nels, the resultant outputs cancel. We found 9 turns on the 2125 
filter and 5 turns on the 2975 filter gave these desired results, 
but you should check the pea^imance b^ore you consider the 
job complete. 

Multi-Section Filters 

The next step in order of effectiveness, and of complexity 
too, is the use of multisection, maximally linear phase filters. 
Getting set up to tune filters is the major chore, and the actual 
tuning is a relatively straight forward and not particularly 
time consuming task. These filters may be designed for as 
many sections as you wish, and for whatever bandwidth is 
desired. One using five toroids in each channel and the basic 
circuit is shown in Fig. 13-14. The bandwidth chosen, 85 Hz, is a 
compromise between the requirements for optimum signal-to- 
noise ratio plus interference rejection capabilities and the 
necessity of accommodating a moderate order of drift plus not 
having hypercritical tuning requirements. The performance is 
excellent, particularly when the going gets rough. The skirt 
selectivity is impressive indeed and, in practice, the tuning is 
not particularly difficult. The tune up procedure is the same as 
that outlined in the latter part of the discussion of the 
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procedure for two section filters. The values of Cl, C2, C3, 
C4 are not critical and are either ordinary 10 percent 
tolerance units or combinations of them. Mount and wire up 
the filter with the toroids and coupling capacitors in place. For 
a convenient mounting, ordinary terminal boards serve nicely 
with the terminal points providing mountings for the 
capacitors and the toroids mounted on alternate sides of the 
board. One note of caution on mounting toroids in general: 
don't have them completely surrounded by metal— it is 
equivalent to a shorted turn and the performance is very poor. 
To tune up the first section, short the second section and tune 
the first using the same setup described before— either by 
varying the capacitance or adjusting the turns on the toroid. 
When this is completed remove the short from the second 
section, short the first and the third section and proceed to 
tune up the second section. The successive sections are then 
tuned up in precisely the same manner, always making sure 
that the short has been removed from the section you are 
tuning and that the two adjacent sections are shorted. For the 
final section, which, when the filter is operating will be con- 
nected to additional load, is beat tuned after the unit is con- 
nected to the terminal unit. The coupling is accomplished in 
precisely the same was as before. You can try the same 
number of turns suggested before as a starting point. 
Although, the values given here are for 88-mh toroids, other 
ivhies can im ised by making the proportional changes in 
capacitance. This assumes that the Q of the toroids you use is 
not too far off from those of the 88-mh units; the design of the 
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( Approx. 

Cl Cj Cs Cl Cii-0 
2125 .0074 .0037 .0026 .002 .06 
2975 .0025 .00125 .0009 .0007 .03 



freq. 



Fig. 13-14. Values for 85-Hz bandwidth, maxflYlirriy linear 
phase response, using 88-mh toroids. 
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linear phase shift filters is based on the Q of the toroids as well 
as the frequency and bandwidth of the filters. 

A further point to note is implicit in the tune up procedure. 
Ca has Cl in parallel for resonance, Cb has Cl and C2 in 
parallel, and so on— hence the values of capacitance will not 
be the same for Ca through Ce. The actual values may readily 
be computed since you need .064 mfd to resonate 88-mh at 2125 
Hz and .033 mfd to resonate 88-mh at 2975 IIz. Thus the actual 
values will run under the approximate values given. This has 
the merit of using different values for each capacitor— the 
probability of your having a quantity of identical value 
capacitors is relatively small. Some mention should also be 
made for those few who will actually consult the references 
given on these filters. The standard design lists a resistor 
across La to degraSie the Q of this seetion for optimum phase 
performance. In actual practice the loading by the input 
circuit takes care of this problem handily, but if there is any 
doubt as to whether you have enough turns on the input link— 
b|y all means err on the side of Qytrcoupling. 

Filter Cmrairaetioii 

The filters were made on the terminal boards mentioned 
before, and after the filters were tuned, they were both 
mounted beneath a 5" x 10" x 3" chassis with 4 leads, 10 inches 
long coming from each filter to an octal plug. By removing the 
regular two-section fillers (which were in Vector C-12 cans 
with octal bases) and plugging in the two octal plugs we are 
able to convert from the broad to the sharp filters in a matter 
of seconds. Since our terminal unit is built on a 5" x 10" x 3" 
chassis, also, we merely place the TU on top of the filter and 
have a very compact unit. (See Fig. 13-1,5.) 

You will find the performance of this filter decidedly 
better than the simple two toroid filter. The passband is 
adequate for good performance and the unit has high selec- 
tivity without the attendant ringing of other designs. If you see 
the conventional scope tuning indicator with the output of the 
mark channel to the horizontal plates of the scope, and the 
space channel to tt» vertical plates of the scope, you will note 
that the lines are considerably sharper with this filter. In 
addition, since the passband is not flat but is slightly peaked in 
the center ( the 85 Hz bandwidth figure here specifies the width 
to the -3 db points) the tuning is actually easier in some 
respects, idnceibispe is no ambiguity in the setting. However, 
don't throw away your old filters, there will be times when you 
need them— particularly when the other station is using only a 
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Fig. 13-15. A five-section maximally linear phase filter. 
This does not use 88-mh coils, but the techniques are 
identical and the LC ratios are appropriately scaled. 
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Width 


Freq. 


c, 


c. 


C..C 


60 


2125 


.0027 


.0014 


.06 


60 


2975 


.00082 


.00048 


.03 
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Froq. 


c, 


c= 
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2125 


.0038 


.0020 


.0014 


.06 


60 


2975 


.00! 1 


.00064 


.0005 


.03 


85 


2125 


.0058 


.0029 


.0020 


.06 
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2975 
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.0007 


.03 


120 


2125 


.0087 


.0042 


.0029 


.06 


120 


2976 




.0015 


Mm 
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Cc So 


Co Jo 


Cc 



Width Freq. C, C2 Ca Ci C»-c 

60 2125 .0049 .0024 .0018 .0014 .06 

60 2975 .0015 .0008 .0006 .0005 .03 

85 2125 .0074 .0037 .0026 .002 .06 

85 2975 .0025 .00125 .0009 .0007 .03 

120 2125 .0113 .0055 .0038 .0029 .06 

120 2975 .0039 .0019 .0014 MIO J)3 



Fig. 13-16. Design data for 3-, 4-, and 5-section maximaily 
linear phase stiiff fHtersr providing a ehot^ oi ' 
widths. 
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rough approximation of 850 cycle shift . Tlie ideal arrangement 
would be one in which you could merely switch from the two 
se^on to tlie ttve section filter. However, in actual practice 
we have found the plug-in technique quite adequate. 

The most significant advantage in short shift is a result of 
the propagation characteristics of electromagnetic waves; the 
closer two frequencies are to one another, the small the 
probability of selective fading. Since the basic method of 
detecting the RTTY information is to make a decision based 
on the relative signal in the two channels, it is desirable to 
have a minimum amount of selective fading. Another ad- 
vantage for many is the possibility of supplementing the 
selectivity of the terminal unit with the more selective IF 
filters which are found in the better ham receivers. A further 
advantage is the possibility, with the more compact signal 
that m^S^ of ayoiding eeitei l^j^ ai iiit»lerence. 

Plug-In and Sidieking Cfeangedvaf 

An advantage of the plug-in technique used for the filters 
we have mentioned is that you can build up one extra section 
for short shifts. If you have filters for 2125 and 2975 and are 
interested in short shift, say 170 Hz, you have only to build a 
unit for 2295 Hz and use it in conjunction with the 2125 Hz unit 
for this short shift work. In addition, you may also want to 
build a unit for 425 Hz shift for copying a number of the 
cmmmt^al stati«ns wdng S»t ^iMt. 

The first filter is the ifiB^once you have gone 
through the procedure, the rest are easy and the returns in 
terms of actual on-the-air performance are impressive. If 
more attention is turned to putting together a satisfactory 
terminal unit with adequate filters you will get much more 
effective and much more enjoyable RTTY operation. 

For the adventurous— and for those who don't like graphs, 
mathematics, and such, Fig. 13-16 is included. This gives 
design data for 3-, 4-, and 5-section maximally linear phase 
d^ fflters, a dioice of bandwidths which you can use 
aee^g^t^ to your receiver stability and personal tastes and 
inclinations. One of the reasons both the maximally linear 
phase shift filters and the Chebishev filters were not more 
widely used before was the mathematics involved. More 
recently tables have been compiled which make the 
procedures far easier. The advent of electronic computers 
that make formerly impossible tasks merely the subject of a 
modest amount of machine time have changed these from the 
realm of interesting theoretical possibilities or the objects of 
arduous cut and try procedures into relatively common 
ey^yday items. 
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Autostart 



The VHF amateur who is interested in establishing depen- 
dable communications^ between his friends in his own area 
should be interested in a nieffiod of teipKWing that depend- 
ability. It is called autostart Teletype and is used in amateur 
activities tliat center around one particular channel which is 
used by many people as a calling frequency. Although em- 
ployed to a limited extent on the low bands, autostart Teletype 
proves to be most useful between club or net members using 
file VHF bands for local communications. 

Autostart means automatic starting. As an example, 
suppose you have a receiver monitoring your favorite channel. 
While you are out, one of your friends calls you on the radio to 
give you a message. When you do not answer, he turns on his 
teletype tone. Your Teletype machine starts up, prints his 
message and shuts itself off again, all automatically. When 
you come home the message is there, waiting to be read. The 
0OMU>ilities oi this system are virtually limitless. 

TELETYPE DECODER 

The Teletype decoder (converter) presented here was 
designed for VHF activity using AFSK. It may also be used for 
HF frequency shift RTTY by leaving out the connections to the 
autostart circuitry: A7, Q8, Q9 and the autostart relay. It was 
revised a few times to make it simpler, cheaper and more 
compatible with existing equipment. The result is a solid-state 
unit which will run for years in continuous use Utrffhout 
maintenance. It is simple to build and will cost very little in 
the way of parts. The printed circuit board for the unit is 
larger than necessary so as to provide plenty of space for odd- 
sized parts. It may be copied directly or you may wish to 
design your own. 

The decoder works in the following manner: The input 
audio is Umited, amplified and then spUt to separate channel 
filters. Q2 is the 2125 Hz (ma^k) Mter and Q3 is the 2975 Hz 
(space) filter. The audio is then rectified and filtered to DC 



266 



which is fed to a divider network consisting of two 56K 
resistors. With respect to ground, the junction of these two 
resistors swin]^ (fdsifive and mgmve on mai^ mA spaee 
tones. 

Transistors Q4, Q5 and Q6 form the DC coupled amplifier 
which drives the printer magnet and turns the current on and 
off. The diode D7 helps shut off Q6 completely and also acts as 
d fase la protect the ix^atisMixe fmncHm against excessive 

currents. 

Transistors Q7, Q8 and Q9 also act as DC switches. The 
zener diode D8 prevents triggering on random noise and voice. 

The resistor-capacitor network between Q8 and Q9 forms the 
on -off time constants for the autostart section. There is a delay 
of about one second from the time the mark tone is applied to 
tbe input until tlie relay pulls in and about three seconds delay 
fer the relay to drop otit%hen the tone is released. These time 
constants prevent the machine from coming on during noise 
and voice reception and also prevent the machine from 
sbuttlag off during liigti epmsei content transiotlssionis. 

The relay employed at the output of the autostart section 
is a small, sensitive, 24 to 30-volt sealed type which only 
requires a ftevrminiampcres of eorrent to pidl in. If you can't 
find this type, a higher current relay can be used provided that 
Q9 is chosen so as to handle the power. The contacts of any 
relay you use must be capable of handling 110 volts AC at 
about 2 amps. This means that it will be necessary to drive a 
large 24-volt relay from the small one, if it is used. 

Many different types of transistors will work in this unit. 
Try the ones you have before you go out and buy. Except for Q6 
and Q9 the parameters are not critical. The types shown in 
Fig. 14-1 are typical. General purpose, silicon audio types with 
medium betas will serve just fine. For Q6 a power transistor in 
a TO'-d case may be used. 11; wiU require no heat sink. Select 
one with a low leakage current. For Q9 be sure it will handle 
the relay current you plan on using. The one specified in the 
schciaatte U good for about 50 niill£aiap«Fi^. 

Once the components are mounted, the decoder can be 
tested in the following manner. Check all diodes to be sure 
they are in correctly. Remove Q4 and the zener diode D8 from 
the circuit and apply power. Place an audio tone of either 
mark or space on the input and check for audio with a scope or 
high impedance crystal earphone at test point 1. At point 2 the 
level should be higher. At point 3 the mark tone should be 
stronger than the sp&eiei tone and ixi ptittt 4 Ibd space tone 
should be stronger than the mark tone. 
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Fig. 14-1. Schematic for decoder (converter) for VHF 
AFSK autostart RTTY. It can also be used for HF RTTY, 
but the autcstart circuitry may prove unreiiable for this 
use. 



CWmecta VTVM totest point 5 and switch back and forth 
between mark and space tone. On mark the voltage should go 
about 5 volts negative and on space it should go about 5 volts 
positive (Q4 and D8 must be disconnected for these readings). 
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Hie swing can be greater, but less than plus or minus 5 volts 
indicates possible malfunction. If tlie mark and space voltage 
at points differ by more than .3 volts it would be advantageous 

to adjust Rl and R2 so the gain through both channels is equal. 
This point is a discriminator type output which, like an FM 
receiver, will tend to cancel noise tmdma audio in- 
terference. 

If all checks out, insert Q4 in the circuit and adjust R12 
until the magnet current (Fig. 14-2) is 60 milliamperes with 
the mark tone on. This will allow either series or parallel 
configuration on the magnets by simply adding a resistor in 
series with the magnet for 20 milliampere operation. The 
value shown is a nominal value. Switch to space tone and the 
magnet should no longer hold in, even when manually 
depressed. 

Finafly, imert ttie zener ifiode D8 hi the efreuit and apply 

the mark tone to the input. After approximately one second 
delay the autostart relay should pull in. Release the mark tone 
and measure the time it takes for the relay to drop out. This 
should be about three seconds. These times can be longer, but 
will cause trouble if they are shorter. 




Fig. 14-2. Copper layout for the etched circuit AFSK 
autostart decoder (converter). Components on opposite 
side of board are shown by lighter lines. 
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This conipleles the checkout of the Teletype-decoder and 
it should be ready to place in service. The range of the 
machine will be slightly narrower^an on local loop but if the 
decoder is adjusted properly the loss should not exceed 10 

points. 

TELETYPE ENCODER 

The Teletype encoder is really an audio oscillator with a 
transistor switch and is used for the transmission of Teletype 
signals by modulating the carrier. Two tones are used, the 
mark tone (2125 Hz) and the space tone (2975 Hz). 

The encoder can be built on the printed circuit card (Fig. 
14-3) or any other way you may choose. Only frequency 
determining components are critical in this circuit and many 
types of transistors will work equally well here. Tile atldio 
output is enough to drive any transmitter including carbon 
mike types. An external potentiometer should be used to 
control the level of the generator. 

The only difficulty you may encounter is getting Q4 (Fig. 
14-4) to switch from space to mark. First, try a few different 
types of transistors and if that fails juggle the values of RIO 
and R12 around. The beta of the transistor is most likely the 
gremlin in the problem. If it too low the mark tone will not 
come on and if it is too high the space tone may not come on. 

RTTV AUTOSTART 

This autostart circuit is versatile in that it connects to the 
speaker instead of digging into the TU, is solid state and 
therefore small, and can be hooked up to turn on the teletype 
machine and TU power (Fig. 14-5). The power supply 
requirement is +24 to +28 volts DC at 10 ma no signal to 200 
ma with signal. This autostart was designed originally for 
monitoring USAF MARS VHF nets, where both voice and 
teletype are used. Many stations operate on VHF and HF SSB 
simultaneously. With this device it is not necessary to stop- 
copying on HF to turn on the teletype machine. It insures that 
you receive all RTTY copy on the net. 

The first transistor is a tuned amplifier. The input audio 
must be in the range of 1 to 5 volts peak-to-peak which is the 
normal listening range voltage for a 4 to 8 ohm speaker. For a 
600-ohm impedance, a resistive divider consisting of a IK and 
lOK resistor or a 600- to 8-ohm transformer must be added. The 
tuned circuit is resonant to the standard mark frequency of 
2125 Hz. Any combination of L and C may be used for other 
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tone frequencies for selective call. Bandwidth is ap- 
proximately 150 ti^. The .068 mfd capacitor should be a good 

mylar type for frequency stability. The coil is the usual 88-mh 
toroid available on surplus. Turns may have to be taken off to 
get exact resonance for best performance. If the .068 capacitor 
is close to tolerance, about 35 turns should be taken off. The 
link couples about one vdit at resonance to ihe switch tran- 
sistor Q2 which then turns on and allows capacitors C3 and C4 
to charge up. When this charging voltage gets up to IV2 volts 
the relay drivers Q3 and Q4 turn on and energize the relay. The 
lOOK resistor with a 100 ohm relay gives about 3 seconds before 
turn on. Likewise, it takes about 3 seconds to drop out in ab- 
sence of a steady mark tone. The time out is determined by the 
relay coil resistance and the 22K resistor. Both the lOOK and 

^ v^i^mmn be vmi^^AMtmf Amimi iimf k md out, up 
to 10 second^. 




Fig. 14-3. Copper layout for AFSK RTTY encoder 
(generator). The components dn the opposite sltie of board 
are shown by lighter lines. 



271 



r 




Fig. 14-4. Schematic of AFSK encoder (generator). This 
circuit generates 2125- and 2975-Hz tones used to modulate 
AM transmitters for VHF RTTY. 




Fig. 14-5. Schematic of autostart cireujif iiflng speaker 
output. 

m 



Operation 

Hook up the input to an audio source of 2125 Hz and take off 

Sturnsat a timefrom the hot side of the toroid until maximum 
voltage is shown on a scope or AC VTVM. Check the time in 
and out of the relay and change (he lOOK and 22K resistors for 
the desired length of time. The relay should have 10 ampere 
contacts because of the starting current of the teletype 
machine. 

SELCAL 

The Selcal (Fig. 14 -6) is sort of an electronic stunt box. It 
receives RTTY characters directly from the loop, with no 
madiinery running. It recognizes four (or more) characters, 
in the proper sequence. An output relay closes to turn on your 
printer or other device. It then recognizes receipt of four 
letters N, sent at the message end, to turn off your printer. 
While the characters must be received in the proper sequence, 
the Selcal does not distinguish between upper and lower case. 
Fig. 14-7 ^ows hoMT tiie Selcal is hooked up. 

The basic system is very versatile, and will be the basis of 
further RTTY logic systems such as regeneration, series-to- 
parallel conversion, and speed conversion. 

The system is digital, using inexpensive Motorola in- 
tegrated circuit (IC) logic blocks. This logic is designed to 
operate in practically any combination, with voltages, swit- 
ching times, etc., figured out for you, eliminating much cir- 
cuitry detail. Best aS, tiie^ wfvkl T^r cost is far t>elow 
even junk box prices. 

The Selcal is built entirely of three types of logic. This 
logic series operates on two voltage states: high (H) (over 0.8 
volts) will turn on any gate, low (L) (under .43 volts) ensure 
all gates are off. Levels between .43 and 0.8 volts would give 
erratic operation and are not used. The logic symbols do not 
show the B+ (3.6v) or 0mxBd connections^ 

Inverters 

The simplest type of logic is the inverter, shown in Fig. 14- 

8. This is just a resistance-coupled amplifier designed so that 
in the on state the output is less than p. 43 volts. The inverter 
has a small "logic gain," or fanout, meaning one stage will 
drive several succeeding stages. A buffer is similar to an 
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Fig. 14-6. Setcal (Sefecffve Call) unit. 



inverter but has a greater fanout capacity, and is available in 
both inverting and noninverting circuits. The MC789P Hex 
Inverter contains six Independent inverter stages. 

NOR Gate 

The next logic type used is the NOR gate, shown in Fig. 14- 
9. It is obvious that if any input is high, a transistor will be 
saturated and the common output will be low. Only if all inputs 
are low can the output be high. The NOR gate is a most 
universal function, and nearly all digital computer circuits 
and systems can be built from combinations of this logic type. 
M tlie Sidcal, we will use the NOR gate as a coineieli^et 
recognizer. With varying high and low signals on all inputs, 
there will be an output only at the instant all are low. 

Flip-FIops 

The J-K is an unusual but rtW^t Versa tile type of FF used in 
modern digital systems. It is also called a master-slave, or 
clocked flip-flop. Its symbol and operation table are shown in 
Fig. 14-10. The inputs are: Set (S) and Clear (C) (sometimes 
called the J and K inputs), toggle or trigger (T) and preset 
(P). The outputs arc (1) and (0), sometimes designated as (Q) 
and (Q). These outputs are always in opposite logic states; 
that is, when one is high the other is low. The preset function is 
not shown in the truth table. When the (P) lead is high, the (1) 
output is forced low, regardless of the states of- the other in- 
puts. The int^rated-circuit J-K contains the equivalent of 15 
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Fig. 14-7. Connecting the Selcal Into a RTTY system to 
turn on ttie printer when the proper call letters are 
received. 



transistors. Two independent circuits are contained in the 
Motorola MC790P. 

The J-K can be connected for several different logic 
functions. Fig. 14-llA shows the J-K uses as a common binary 
eounter, or divide-by-two circuit. This divider will be used to 
count down the oscillator frequency in the Selcal. Fig. 14-llB 
shows it as a set-reset flip-flop. Fig. 14-llC shows the clocked 
flip-flop operation. For this use the (S) and (C) inputs must be 
in opposite states, so an inverter is used as shown. The output 
logic states duplicate the input states after the clock pulse. 
This FF is seen to be timed, or clocked. It will be used in this 
mode in the Selcal Shift Register. The truth table in Fig. 14-10 
shows aB modes Qpa?atio& 



Basic Operation 



The Selcal is basically a series-to-parallel converter. The 
five character-information pulses, mark or space, are briefly 




Fig. 14-8. Inverter logic. 
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CIRCUIT 



TRUTH TABLE 




•-^Mr-0+ 



SYMBOL 



cmcuiT 

Fig. 14-9. NOR gate. 



OUTPO'" HIGH 
ONLY IF ALL 
INPUTS ARE LOW 

LOCIC 



stored in a five-stage shift register. The desired character is 

recognized by a coincidence circuit. The state of recognition is 
stored in a flip-flop. When all five characters have been 
received, the output relay closes. 

Let us see how the register stores the letter J, which is 
Start-M-M-S-M-S-Stop. The first logic level seen by the re- 
gister is the start pulse, a space. This (L) input is inverted to 
a (H) and applied to SR 5 lead (S) , in Fig. 14-12. After the cloclc 
pulse, the ( 1) output also becomes (H) , which we will define as 
the space condition of the flip-flop. The next signal pulse (one) , 
is a mark, which makes SR 5 lead (S) low. The next clock pulse 
now does two things. At this point SR 4 sees the space condition 
of SR 5 and duplicates its output, making SR 4 (1) low. The 



'STATE AFTER TRIGGER PULSE 



s c 


(1) * 


H L 

L H 

L L 
H H 


H 

L 

REVERSES 
NO CHAfJSE 



SYMBOL TBtlTHTABlg 

Fig. 14-10. J-K flip-flop and truth table. 
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start pulse has been passed from SR 5 to SR 4. Also, the output 
(1) of SR5is changed to high, following the input signal. At the 
next clock pulse, the input is a mai-k ( pulse 2 ) . Al ter this clock, 
SR 5 and SR 4 are in a mark condition, SR 3 in a space. The 
shift register now contains start and ftrSt two information 
pulses of the letter J. These pulses continue to enter the 
register from the left. Finally, the start pulse is pushed out the 
right end ot the register, wMcb cmtains all of the five J 
information pulses. 

^neebo& (H) and (L) outputs are available from each SR 
stage, we can select that lead of each SR that is low for a J. 
Only for this J (upper or lower case) will the all-low coin- 
cidence exist. These selected low outputs are now fed into a 
NOR gate. Recall, that the output of a NOR gate goes high only 
when all inputs are low. It is the NOR gate that actually 
recognizes the J. The high pulse output is fed into a character- 
1 FF, that flips and thus remembers that the J has been 
received. See Fig. 14-13. 
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Fig. 14-11. Applications of J-K flip-flop. (A) Divider. (B) 
Set-Reset flip-flop. (C) AAaster-slave or clocked fllp^fljip^ 
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Fig. 14-13. The sequential selector. This circuitry is 
connected to the output of the shift register shown in Fig. 
4-12 so that the letters of the call sign will turn the printer 
on only If tttey are In correct sequence. 



To detect ttie next call letter, say K, another NOR gate is 
independently connected to the SR outputs that will give all 
lows with a K. The output of the character-l FF feeds a low to 

theeharacter-2 NOR gate so that the first character must be 
received before the second gate may look for its letter. This 
pref iettls lie SiiiSal from responding to your call letleiis ltt an 
incorrect O^lS^t. 

When belli the J and K have been received, the third NOR 
gate is free lo look for the third letter, say L. When received, 
the third gate gives a high output which turns on the print FF 
and the print May. The printer is now on and reicei'^s your 
message. 

To turn your machine off, the sender ends the message 
with "NNNN." The letter N is recognized just like the J, with a 
properly connected NOR gate. The gate feeds a two-stage 
binary coiBiter which turns off the print FF witen four N's are 

received. 

The Selcal circuit is complicated by the lack of the exact 
logic needed. Several NOR gates are paralleled to get enough 
inputs, and buffers and inverters are used to increase fan-out 
or driving power. Note that the A-B signal lines carry the same 
pulses, the split is just to prevent device overload. The ab- 
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Fig. 14-14. Schematic diagram of tlie Selcal. Relay Kl is a 
12-volt Sigma 65F1-12DC. Transistor Ql may be any high 
gain silicon transistor such as Motorola /\APS3393. The 
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"onfilt first character" switch. 
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breviations listed below will be used in the following detailed 
discussion of operation: 

I Inverter, or inverted. 

SR Shift register or stage. 

fi Used in the 4N disconnect circuits. 

C Character; letter being recognized. 

CH Channel; memory for a character. 

FF Flip-flop. 

Not Circuit operating on all characters except ( ). 

M-S Mark-space. 

Set Pulses toggling SR 5. 

Shift Pulse toggling SR 4 through SR 1. 

Hit Non-RTTY pulses. 

D Divider stage (by two). 

High Voltage over 0.8. 

Low Voltage under 0.43. 

Selcal Operation 

At the beginning of a start pulse, a high occurs on the m-s 
line, setting the start FP (Pig. 1M4) . In ttfis set condition, #e 

start FF places a low on the divider preset leads, allowing 
them to operate. The oscillator inverter raises the voltage on 
the 6.8K resistor to high, starting the clock oscillator. The 
clocic is a multivibrator that generates 5.5 msec (181-Hz) 
square waves as shown on line 2, Fig. 14-15. These pulses are 
divided by two, five times, by the dividers D1-D5. The 
waveforms are shown on lines 3 through 7 of Fig. 14-15. 

A NOR gate has a high output only if all the inputs are low. 
By properly selecting the clock and divider outputs, a set of 
low leads can be found for each single clock pulse. As an 
example, let us see how the single decode pulse is obtained. At 
the decode time, (line 11 ), D2 and 03 leads (1) are low, but D4 
and D5 leads (1) are high. By selecting the leads (^ D4 and 
D5, we obtain all low inputs for the decode gate. D3 is not 
needed. Only at one particular time will the above conditions 
exist, so the decode NOR gate gives an output pulse only at the 
proper decode time. 

In th&s w^, FfOR gates connected to the divider outputs 
produce properly timed set, shift, and end pulses. The end 
pulses resets the start FF, ending the Selcal sequence for one 
character. The "reset" start FF stop.s lor clock oscillator and 
presets the dividers, making them ready for the next 
opera^tt. l^e hit gate loolcs for a spacing signal partway into 
the start pulse. If a mark exists at this tune (non-RTTY 
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signal), the hit gate resets the start FF, terminating the 
operation. This resets the circuit after a false start from noise. 
The XOT-SET-SHIFT gate (SET SHIFT) Sl^presses: un- 
wanted set and shift pulses. 

^iw Biaek tb P!g. l4-M^ AssuTBe tiie eaii K8ERV is being 
received. To prevent casual copy reference to "ERV" from 
pperating the printer, the code will be "Itrs ERV, " which 




Fig. 14-15. Timing relationships for Selcal. 
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already exists in the callsign. The first character "letters" 
(Itrs) enters the shift register as described earlier. At the time 
of the decode pulse, the "Itrs" marks and spaces are contained 
in the register. The Cl NOR gates are connected to the five SR 
output leads that will give all lows. The Cl gates will now 
recognize the "Itr.';"" character and give a high output to the 
CHI FF. This high, with the decode pulse, causes the CHI FF 
to set, remembering that character one was properly 
received. 

The CHI FF low output (lead 0) is fed to the character-2 
NOR gate, permitting it to look for, and recognize the next 
character, E. As the decode pulse transfers the E recognition 
into the CH2 FF, it also resets the CHI FF, which insures that 
characters will be recognized only in the proper s('(iuenco. Tiie 
E makes the CH2 FF output 0 low, and the following R makes 
the CHS FF output low. This low, plus tiie Sli lows from the V, 
and the inverted decode pulse (a low pulse) place all low in- 
puts on the C4 gates. The high output from C4 sets the print 
FF, turning on the output relay and your printer. Tlie Sclcal 
has recognized the last four characters of the call K8ERV! 
Any wrong character will interrupt the sequence and reset the 
Id^, preventing turn-on. 

Tarn Off 

The print FF will now remain on until reset by a switch or 
by the reception of NNNN, a commercially used disconnect 
sequence. This section operates by recognizing and counting 
consecutive N's. The fourth N received gives an output 
through the 4N gate which resets thej)rint FF. Any character 
other than N operates the NOT-N (N) gate which resets the 
FF's, destroying the count. The Selcal must see four con* 
secutive N characters (or upper case equivalent) somewhere 
in a sequence, to turn off. 

AU-Call 

.An interesting refinement will permit all Seleals to turn on 
with one particular calling code besides your selected call 
letters. Since recognition circuits exist for both "Itrs" and 
"N," an all-call code requiring a minimum of additional logic 
is "LtrsNLtrsNLtrsN." This code, besides being the easiest, 
will not occur in normal text. The use of six characters 
decreases the chance of false turn-on from noise. 

Fig. 14-16 shows the all-call addition. This is a counting 
arrangement similar to the 4N turn-off, except that the 
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Fig. 14-16. All-call circuitry winich may be added to the 
basic Selcal shown in Fig. 14-14. This circuitry permits the 
printer to be turned on by sending Ltrs N Ltrs N Ltrs N. 
This is particularly uSieflM fef lijrt)iFi3 m all #»e machines 
of a RTTY set. 
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sequence "LtrsN" is counted until all three pairs are received, 
turning on the print FF. The counter is reset by any character 
ei^ttet Hmn Ltrs or N. 

Message Light 

This circuit can be included to lock on a pilot liglit when a 
message is received. This alerts the operator to look at the 
copy. The print FF output pulse is used to trigger a small SCR 
that loclvs on a low current lamp. The lamp is manually reset 
by a momentary, normally open push switch. 

Constnietion 

The inlSgpated circuits (Fig. 14-17) used in the Selcal are 
the Motorola RTL (Resistor-Transistor-Logic) 700 or 800 
series, in a plastic dual in-line package. These differ only in 
price and temperature range. The 700 types covering 15-55 
degrees C and the 800 types covering IKtS degrees C. 

These logic blocks may be laid out in any order. While IC 
socliets are available, they are expedSiVe and unnecessary. 
Gnse way to mount the IC'is is td drul holes in a plastic she^, 
insert the IC leads in the holes, and wire to the pins. .Anotliir 
way is to mount the blocks on their backs, using an adhesive, 
IM" double faced tape, and again wire to the pin.s. Leave plenty 
of room for the wires— there are several hundred of them. We 
strongly re«»nmeid anaU (lib. 2S) colored Teflon wire to 
pre \ ent soldering uron damage in the rather cramped wirmg 
space. 

The power supply must provide 3.6 volts, plus or minus 10 
percent at about 600 ma. The design shown in Fig. 14-18 has 
excellent regulation and negligible ripple to about 90 line volts. 
Its performance is belter than needed but not expensive, Zl is 
a group of forward-biased diodes of any silicon type, used as a 
low-voltage zener. Zl is optional, being a grotq} of one- 
ampere diodes used to limit the voltage in case of any type of 
supply failure. The Selcal can be operated from two flashlight 
batteries for testing, using a voltmeter m place of the output 
relay. 

The power supply and front panel layouts (Pig. l^-iS) are 

not critical. The only controls really needed arc the on and off 
switches, but all sorts of pilot lamps and other accessories can 
be added. 

Deeedtog 

Setting up the fm wish to receive is done by 

hooking the particular character NOR gates to the proper SR 
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Fig. 14-17. Construction of tine Selcal. The connector and 
plug are used for decoding purposes as described in the 
text. 



outputs. Character 1 is shown set up for Ltrs. The N gates are, 
of course, wired for N's, although any repeated character 
could be used. To construct the decode chart (Fig. 14-20) for 
any character, replace the character marks with I's and 
spaces with O's, omitting the stop and start pulses. The first 
information pulse (after the start pulse) will eventually be in 
SRI, so Uie chart is actually reversed from the normal 
diaracter construction. Since N is S^-M-M-S, it becometiSSl- 
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(0), SR2-(0), SR3-(1), SR4-(1), SR5-(0). Enter your letters in 
rows C2, C3, C4. Now transfer this decode to the C2, C3, C4 
NOR gates in Fig. 14-14. Cl is done for you for Ltrs. Connect 
each NOR gate lead to the indicated SR output lead. The SR 
outputs may feed more than one NOR input. This is the reason 
the non-inverting buffers are used. 

The simplest method of decode wiring is to permanently 
connect the decode leads. But two other methods are more 
versatile. 

Fig. 14-21 shows how twenty inexpensive slide switches 
can be used to set in the four characters at will. This scheme 
permits fairly rapid changes in the decode set. A piece of 
cardboard with holes that accept the slide levers in a par- 
ticular decode setup can be used to check the settings. 

A still faster decode change can be obtained by using a 
multi-pin connector as a patch board. Each decode group is 
wired to a separate plug and inserted into the socket in the 
Selcal. Twenty-five pins are required lor a three-letter decode, 
thirty pins for four letters. 

The Selcal turns on the printer motor when its code set is 
received. If fed with continuous random noise, eventually the 
Selcal will receive its code and give an unwanted turn-on. A 
three letter decode for commercial or experimental copy can 
be obtained by grounding the output lead, as shown in Fig. 
14-14. This is not recommended for unattended copy due to the 
increased possibility of noise turn-on. We suggest the Selcal be 
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Fig. 14-18. The power supply for the Selcal. This unit 
provides good regulatton^veh vitm the lim voltage dips 
down to 90 volts. 
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Fi§» 14-19. Power supply and front panel. 



teamed up with an autostart system to inhibit the noise fed to 

the input. 

Adjustment 

The only adjustment is the clock oscillator frequency. 
Temporarily turn on the clock by shorting the Selcal input. 
Connect a scope to either clock output. Using the line 
frequency for comparison, adjust the 2.5K pot for 183-Hz 
output. If a scope is not available, set the potm the center of 
the range that gives proper Selcal operation. 
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Fig. 14-20. The decode chart which is used in setting up the 
Selcal for receiving specltic call letters. 

The power supply output should be from 3.3 to 3.9 volts. It 
can be varied slightly by varying the 100-ohm resistor between 
50 and 200 ohms. If greater shift is needed, change the numljer 
of diodes in Zl. CAUTION: Do not operate into the logic with 
Zl disconnected. A 6-ohm, 5-watt resistor can be used as a 
supply load to simulate the Selcal when tuning up. If a Variac 
is available, run the line voltage down until the output starts to 
drop. This should be about 90 volts, but depends on the gain of 
the 40310. Lowering the value of the 270-ohm resistor will 
reduce the required input voltage, but too low a value will 
reduce regulation and may overload the 2N3904. 

If wired correctly, the Selcal should operate when con- 
nected as in Fig. 14-7. Note that the Selcal relay will not handle 
a printer motor load, and must be used (mly to drive a suitable 
motor relay. 

Connect your printer into the local loop and send your call 

letters. The Selcal relay should turn on. If it does, you have 
made about 350 proper connections! Now send any letter 
except N , to reset fiie all-call, and then send NNNN. The Sd<^ 
relay should turn off. K it doesn't, do not de^ir, a 

troubleshooting guide follows. 

Troubleshooting 

First check to see if the start FF and clock oscillator are 
being keyed. Hook a scope or headphones through a 1000-ohm 
isolating resistor to the Clk-1 output. Sending any letter should 
produce a burst from the oscillator. Ground the Selcal input 
and check for proper outputs from each divider and from the 
set, shift and decode gates, as shown in the timing diart. Any 
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Fig. 14-2T. By using slide swHchi&$ fh 'ttie input to the 
character gates, various turn-on codes may be used witii 

the Selcal. 

logic block pin, except B+, may be connected to B+, or 
grounded, to foreea etrcuit on otott, wiHiout harm to the logic. 

Now check the shift register by sending a "letters" 
character. With a voltmeter, see that all the SR-1 leads are low 
(less than 0.43v), and that all the SR-0 leads are high (over 
0.8v). Send an N and check for lows on SR3 (4 and 1) and on 
SR's 1,2,5 (0). Any letter should leave its proper pattern in the 
shift register. If the higher number SR stages work, but the 
lower ones do not, check the wiring and logic at the point of 
signal loss. 

Now send any letter not in your code set. A m^ter should 
show highs on all of the character FF (0) leads. Your first code 
character (Ltrs) should make CHl-(O) go low. The second 
code character will reset CHl-(O) to high and make CH2-(0) 
low, etc. 

Check the 4N gate as follows. Send any letter other than N. 
All four inputs to the 4N gate should be high. The first N will 
place a low only on 4N pin 14. The second N should make only 
4N pin 2 low. The third N will make both pins 2 and 14 low. 
During the fourth N, only at the decode time, do pins 3 and 13 
go low, but a scope is needed to see this. The 4N gate output 
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I^sfly goes high, resetting the print FF and Uirning Ihe relay 
m. With the exception of the 4N system, most of the Selcal 
tongfions hoM their states after decode, so that a voltmeter is 
all that is needed for testing. 

In operation, the receiver, tuning unit, and Selcal are left 
running continuously, or connected lo a time clock. The sender 
should transmit your call several times to insure reception 
and turn-on. After his call, it is helpful to include the time in 
GMT, followed by an extra line feed to separate the messages* 
After sending the message, he should return ti:e carriage to 
the left, and send 8 to 10 N's. If conditions are poor, send extra 
N's to Insure turn-off: any not needed will not be copied, 
illildmatic CR-LP systems are very convenient for any 
unattended autostart or Selcal operation. 

While autostart is not useful for monitoring continuous 
commercial stations, the Selcal is, and can be used to select 
only those parts of interest to you. However, for 75 or 100 WPM 
monitoring, the Selcal clock must be changed. 

Set up the Selcal to decode the appropriate heading and 
you are in business. For example, the Weather Satellite 
|ireittctii(^ m-e proceeded hy TBUS. The ^ turn-off is sent 
regidarly. 
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This article describes several accessories for the RTTY 

station. The first is a regenerative repeater; you put highly 
distorted, biased signals in one end and get nice, clean, 
properly timed signals out the other. The second forms the 
basis of an electronic stunt box; it performs the "cleaning up" 
function of the first, plus converting the serial TTY signal to a 
5-Iine parallel signal which can be used to perform various 
functions on receipt of a sjpecified group of characters. The 
tfiird perf(»Ms an tite ftiiic^lioiis df tlie ^rst two plus speed 
conversions; with this you can put 100 wpm gears in your 
machine for copying the commercials and use the speed 
conversion function to operate at 60 wpm on the ham bands. 

In order to understand the operation of these three 
devices, let us take a moment to review flie manner in which a 
TTY printer decodes a signal. The start clement of the code 
drops the selector magnet, which initiates a mechanical 
timing cycle. Five times during ttiis cycle the machine 
mechanically samples the condition of the selector magnet 
and positions the code bars accordingly. In a (io wpm machine 
these samples are 22 msec apart and about 4.4 msec long. The 
length of time between the beginning of the start element and 
die fiiret sample can be vari^tiidthttie range adjustment. With 
the range control set at 60 the samples occur 33 msec, 55 msec, 
77 msec, 99 msec, and 121 msec after the beginning of the start 
element. 

THE REGENERATIVE REPEATER 

The repeater electronically samples the TTY signal in 
much the same manner as the printer. A start element 
initiates a series of seven sampling pulses. The input signal is 
sampled in the middle of the start element, in the middle of the 
five signal elements, and 11 msec into the stop element. The 
condition of the signal at the time of each sample is loaded into 
a flip-flop memory Where it is stored uiiil the next sample is 
taken. Thus, the output of the flip-flop is a perfectly timed T3M 



293 



signal, delayed 11 msec from the input signal, with signal 
elements corresponding to the condition of the input at the 
time of sampling (Fig. 15-1). After the stop element is sam- 
pled, the circuit resets and waits for the next start element. 

The logic required to perform these functions may be 
implemented in many different ways. The diagrams included 
here show 803 series DTL integrated circuits. It should be 
noted, however, that the same functions could just as well be 
accomplished with RTL, TTL, ECL, or HTL ICs, discrete 
transistors, or even tubes or relays. With this series of DTL a 
high logic level is approximat^y +5v and a low i<^c level is 
approximately ground. 

Hefferrinil^to the logic diagi-afn of Pig. 1&-2 and the timing 
diagram, Fig. 15-3, a start element (space) plus NOR gate U4 
input pin lata low level, forcing output pin 3 and inverter U5 
input pin 1 high. Output US pin 2 goes low, starting the 91>Hz 
synchronous clock. 

The synchronous clock is an oscillator that can be turned 
on in an orderly fashion; that is, the first cycle after the start 
command has the same period as all the following cycles. A 
simple oscillator of this type is shown in Fig. 15-4. It produce 
a series of narrow positive-going pulses at 11 msee mlgxrvals, 
the first occurring 11 msec after the input goes low. 

The clock output drives divider flip-flop U3, the output of 
which is a square wave with a period of 22 msec. NAND gate 
U4 picks out every other clock pulse and drives inverter U5 
input pin 3. The signal at U4 pin 4 is the string of positive going 
sampling pulses. The first of these pulses causes J-K flip-flop 
U3 output pin 6, which has been high until now, to go low. As 
long as the K input, pin 3, of this flip-flop remains low the 
following sample pulses will have no effect on its output. The 
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Fig. 15-1. fiifipilfled fWig itfairam for a 
repeater. 
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low output at pin 6 goes to NOR gate input U4 pin 2, causing the 
timing cycle to continue regardless of the signal at the input. 
Note, however, that this happens only after 11 msec of con- 
tinuous spacing signal. This means that a spacing condition 
must exist at the input for at least 11 msee to initiate a timing 
cycle. This provides protection against noise on the signal line. 

The first sample pulse also loads the start element into 
output flip-flop Ul pin 5 and causes the counter outputs, Ul pin 
9, U2 pin 5, and U2 pin 9 to step from all low (LLL), the reset 
cosdition, to (HLL). The second sample pulse loads the first 
signal element into the output flip-flop and steps the counter to 
LHL. This process continues for pulses three through six. At 
this time the last signal element has been loaded into the 
output flip-flop and the counter outputs are LHH. This makes 
both U4 pin 9 and U4 pin 10 high, so U4 pin 8 and U5 pin 9 go 
low. Inverter output U5 pin 8 J-K flip-flop U3's K input, pin 3, 
go high. The next sample pulse, which loads the stop element 
iiftome output flip-flop, also causes J-K flip-flop output U3 pin 
6 to go high. This, together with the condition on the signal line, 
causes NOR output U4 pin 3 to go low, stopping the clock, 
resetting the counter to LLL, and forcing the output flip-flop to 
remain in the mark condition until the next start element 
initiates a new timing cycle. Just add some simple level 
converters to make your TU, printer, keyboard, and keyer 
DTL compatible and you are all set to clean up distorted 
received Signals and to firaiisiiiit perlecdy dean s^gnstefebm 
your keyboard. 

THE STUNT BOX 

The stunt box is a relatively simple expansion of the 
repeater, requiring only a few more parts and the rerouting of 
a few wu-es. Comparing the stunt box (Fig. 15-&) and &e 
repeater, we find three differences: 

First, the output flip-flop is now the first stage of a six- 
stage shift register ; when the first signal element is loaded 
into Ul pin 5, the start element moves to Ul pin 9, and so on 
until after the sixth sample, vtiutn ^ start^^i^t is present 
at U6 pin 9, and five signal elements are stored in ttie first five 
stages of the register. 

Second, instead of counting out seven sample pulses with a 
counter, we now wait for the start element to move into the 
last stage of the register, causing U6 pin 8 and U3 pin 8 to go 
high. Now, as before, the scnenth pulse samples the stop 
element and resets the entire sequence. 

Third, 11 msec after the sixth pulse we find the US pin 9, US 
pin 11, and US pin 13 are all low, allowing US pin 8, 10, and 12, 
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Fig. 15^2. Logic diagram for regenerative repeater. 
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Fig.15-3. Timing diagram for circuit shown in Fig. 15-2. 



and U4 pin 12 to go high and forcing U4 pin 11 low. Thus, we get 
both a positive and a negative strobe pulse which occur once 
each character, and at a time when the entire character code 
is stored in the register. This is all the infonoation we n@^(l tP: 
decode a character. 

A simple stunt box decoder is shown in Fig. 15-6. This 
decoder is set up to respond to the two character sequence ZB. 
When the positive strobe pulse occurs, the two flip-flops 
sample the NAND gate outputs U7 pin 6 and U7 pin 8. If the 
character in the register is anything other than a Z, U7 pin 6 
will be high when strobed; and U8 pin 6 will remain low. A Z 
forces U7 pin 6 low, and U8 pin 6 goes high after the strobe 
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pulse. If the next character is anything other than a B, U7 pin 8 
and U7 pin 6 will be high at the time of the strobe ptdse and U8 

pin 8 will remain low. If, however, the character after the Z is 
a B, U7 pin 8 will go low ; and US pin 8 will go high and remain 
high until the next character is received. Using this decoder as 
a starting point, much more complex decoders can be built to 
respond to any number of character sequences of any length. 
These can be used to set and reset latches to turn your printer, 
tape unit, or coffee pot on and off on command. 

THE SPEED CONVERTER 

Now that we have taken a 60 wpm TTY signal and shifted 
it into a register where we have it temporarily sttored, all that 
remains to be done to make it print on a 100 wpm machine is 
to load it into another resistor, in parallel form, and shift it out 
to the printer with shift pulses that occur every 13.5 msec. The 
hardware required ^ accomplish this is shown in Fig. 15-7. 

Be^^ a character is received tfd piin 8 aitd (he input to fhe 
74.2-Hz synchronous clock are low, the clock is running, and 
the register is shifting. The input to the first stage of the 
register, UIO pin 3, is held low and the output to the printer, 
U14 pin 6, remains high, or marking. When the start element of 
a character shifts into the last stage of the first register, U6 pin 
8 goes high and the 74.2-Hz clock stops. When the strobe pulse 
occurs, 11 msec later, U5 pin 10 goes high, loading the five 
signal elements into the first five stages of the second register. 
At the same time U4 pin 11 goes low, forcing a space, or start 
element, into the last stage of the second register. The output 
to the printer remains in the marking condition, however, 
since U6 pin 9 is holding U14 pin 4 and the input to the output 
NAND gate at a low level. When the stop element has been 
sampled and the first register resets, U6 pin 9 goes high, 
allowing the start element in the last stage of the second 
register to appear at the output to the printer. At the same 
time U6 pin 8 goes low, restarting the 74.2-Hz clock and 
allowing the character to shift out of the register to the printer. 
As the character shifts out, the register fills up with marks so 
that 13.5 msec after the last signal element is sent to the 
printer the output goes to a marking condition and stays there 
until the next character arrives. 

To convert the 100 wpm output of the keyboard to a 60 wpm 
inputfor your keyer, it is cnly necessary to reverse the input 
and output leads of the converter and switch the clock 
frequencies from 91 -Hz and 74.2-Hz to 148.4-Hz and 45.5-Hz. Of 
course, the keyboard may only be operated at typing speeds 
up to 60 wpm. 
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Fig. 15-6. Simple stunt box decoder. 



Tr-<@A AS A DISPLAY GENERATOR 

Teletype Repeater TT-g:?A-PTiC {Fig. 15-8) is an inex- 
pensive and widely available piece of surplus equipment. 
Although many amateurs have purchased Ms nnit, problems 

in getting it into operation have resulted in most TT-63A's 
gathering dust on a shelf or filling up useless space in relay 

A novel use for the TT-63A is as a Teletype character- 
synchronized sweep generator. The TT-63A recognizes a 
Teletype character as part of its basic function. This 
characteristic is used to generate a scope presentation in 
which the Teletype ehafacteir Is always perfectly s^- 
chronized, and time marks provided, at either keyboard or 
machine speeds. The basic concept is applicable to any other 
surplus Teletype equipment having this recognition 
capability. 

Modification should cost less than $5, dependmg on the 
state of your junk box, and should not take more than several 
evenings to build. 

A few comments are in (M?der. Attempting to coirivert 

unit to a TU by adding a standard liinitcr-discriminator fro]^ 
end will not be particularly successful. This is due to two 
design peculiarities: The TT-63A is extremely susceptible to 
errors resulting from pulse splitting and the 1 msec sampling 
pulses. It needs a very good low-pass filter between the 
discriminator output and the trigger input. By the time you 
have added a truly effective low-pass filter, you will have 
probably duplicated half a TTL without its benefits. Also, the 
chassis is too crowded for the required extra components. 
Anotbor unforhuiate characteristic is its performance at 
machine speeds vtbea a start pulse is lost: the TT-63A prints 
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Fig. 15-7. Speed converter adapter for stunt box. 



several erroneous characters before timing synchronization 

can be regained. In addition, if you are not using coax to your 
receiver, you may possibly pick up hash from the keying 
relay. 

None of these problems will significantly affect its per- 
formance as a synchronized character display generator. 
Adding the simple circuits shown in Figs. 15-9 and 15-10 and 
slightly modifying your TU is all that is required to make the 
TT^A a truly useful RTTY accessory. 

The Bootstrap Circuit Operation 

Normally, the grid of the 6SN7 is biased positive, so that 
the tube is fully conducting. This effectively removes the 
charge across C102. When the negative 50v gate from V6 cuts 
this tube off, C102 begins charging through DlOl and R102. The 
eathode follower portion of the 6SN7 feeds back the output 
ramp to the high end of R102 to maintain a constant charging 
rate and provide a linear sawtooth. With the components 
shown, the output is approximately 45v. The value of C103 is 
not too critical since the charging of C102 occurs mostly m its 
linear region even «rithoat bocMtetrapping. Removing C103 
affects the amplitude far more than the linearity. It is 
necessary, however, to use a good quality capacitor for C102— 
do not use an electrolytic! R103 allows the output signal to be 
balanced around ground. Some slight loss of signal results 
from this arrangement, but it is effective and allows the scope 
to be switched from a cross tuning pattern to this pulse 
analysis mode without making centering adjustments on the 
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Fig. 15-9. Bootstrap sweep generator. 



scope. It should be noted that the start pulse is drastijKflly 
shortened on the actual display. This is due to the fiioor 
risetime of the leading edge of the gating pulse. 

Construction 

The bootstrap circuitry is placed where VI, V2, and V3 
were originally located. These tubes were part of the original 
tone portion of the repeater and are not used. The original 
6SN7 (VI) is used as the bootstrap tube. One of the 6H6s may 
be used in place of the sa»iicondactdr diode shown in the 
schematic. The remaining sockets are handy as tie points for 
the bootstrap components. Be careful when trimming wires on 
these sockets, as sev^nl terminals are used for tie points for 
other stages. The sweep centering pot is a screwdriver ad- 
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Fig. 15-10. TT-63A input modification to provide negative 
mark voltage for proper operation'of V4. R6 Is the Input 
attenuator which is already In the unit. 
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justment type. It can be located on the left Si9e of the cbas^ 
after removing^^ some unused tone parts. 

Tlie pickoff ftjir the time-marked pulse display is shifted 
from its original point to the junction of resistors R55, R56, and 
R57. This change increases the amplitude of the time markers 
over the original point. A slight negative DC biasfeiiatroduced 
on the display by making this change, but the resulting im- 
provement in marker visibility is worth this slight in- 
convenience. The resulting display has vigorous negative pips 
where the pulse transitions should occur and lower amplitude 
positivi^ Siampling pulses. The iiaitge mWxiA eell@^ file 
iseoeived pulses between these negative markers. 

CMnecting the TU 

For proper operation of the repeater, the input to the 
Schmitt trigger must go negative on the stop mark. A few ad- 
ditional parts can take care of this requirement. Since most 
1^*8 can be readil:^ modified to provide positive mark out- 
puts; a simple inverter, i^OWn in Fig. 15-11, is added to 
provide positive space pulses. The new repeater input circuit 
shifts the resulting zero-volt mark output from the inverter to 
a negative mark (Fig. 1^-12). Measurements show that the 
Schmitt trigger turns on at -2.7Sv and off at To get the unit 
m operation, rotate R6 to the position whSeh ^VJeS Uie best 
blinking of the neon. This setting is not critical. 
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Fig. 15-11. Modifications of typical TU output stages to 
provide proper polarity pulses to the TT-63A input. 
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Usage 



When this system is set up (Fig. 15-13), you can readily 
observe distortions on incoming signals, dirty contacts, the 
poor efficiency of your lowpass filters, etc. If your keyboard is 
in series with your selector magnets, you can readily check 
your own contacts. When this was first tried on my transistor 
in, ^ieh had only ^v available to di^ve tibe selector magnet, 
the observed pulse distortion was appalling. Going to a high- 
voltage loop made the pulses look as they should. The vertical 
input to the scope can be connected to various areas of your 
TU and the pulses chased through always in perfect sync. This 
is a truly enlightening experience. 

Use a 5-inch scope for monitoring. Anything less will make 
observing the pulses too difficult. A DC scope must be used in 
order to pass these relatively slow waveforms without 
distortion. The pulses are best viewed if the scope gain is not 
set too high. They are easiest to watch wlien they are almost 
square on the screen. 

A very nice feature of this system is that you can tell if you 
have a legitimate RTTY signal tuned in and whether it is right 
side up, the right speed, etc., without turning on your printer. 
You merely see if a synchronized sweep is being generated by 
the TT-63A. This is possible only with a legitimate signal. This 
certainly saves a lot of useless clatter, bells ringmgi, w^te 
paper, etc., when tuning across the bands. 

SOPHISTICATED RTTY TONE GENERATOR 

This Tone Generator (Fig. 15-14) is a unique piece of 
RTTY test equipment. It is capable of simulating a variety of 
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Fig. 15-12. Waveforms and tinne relationships. 
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Fig. 15-13. Block diagram of typical component In- 
terconnections. The TT-63A subpanel can be rewired to do 
the required switching. Attenuators can be added to 
balance the voltages across the filters to that of the sweep 
and pulse voltages so that the scope gain does not need to 
be adjusted when switching displays. 

Teletype operating and QRM modes, since it can deliver all 
possible combinations of the 2125-Hz mark and 2975-Hz space 
audio tones. When not serving in the test equipment capacity, 
it functions as a conventional AFSK oscillator. 

It may be keyed externally by a contact closure such as 
from a machine keyboard, or by a 3.5-volt peak-to-peak square 
wave signal. An internal keying generator provides a zero- 
|]tat22^H2 keying signal. The internal keying signal allows the 
unit to be used for such things as adjusting TU polar relays 
and is also a great convenience when chasing signals through 
the local system with an oscilloscope. 

The unit is designed around transistors and low-cost in- 
tegrated circuits. It requires 12 volfes DC (plus or minus 16 
percent) at about 450 ma and delivers a maximum audio 
output in excess of minus 10 dbm into 600 ohms. Front-panel 
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Fig. 15-14. RTTY tone generator. 
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controls adjust tiieiliailt-rispace amplitude ratio and theoulput 
level, and select j^e desirecl operating mode. 

$ystem Operation 

Fig, 15-15 is a block diagram of the RTTY Tone Generator. 
The mark and space oscillator outputs are fed through 
separate level controls to independent gated amplifiers. The 

gated amplifiers stop or amplify their respective signal inputs 
depending on the information they receive from the keying 
l(%ic and keying selector circuits. The audio signals from the 
two gated amplifiers are combined at the output level ad- 
justment potentiometer. The signal from the potentiometer 
wiper is connected to the mark-space output jack, J3. The 
particular combination of the mark and space audio tones 
present at the output jack depends on the settings of S3 and S4. 
The following possibilities exist: 

1. Mark signal off, space signal off. 

2. Mark signal on, space signal on. 

3. Mark signal on, space signal off. 

4. Mark signal off, space signal on. 

5. Mark signal keyed on and off, space signal off. 

6. Mark signal keyed on and off, space signal on. 

7. Mark signal &H, space signal k^eA on and off. 

8. Mark signal on, space signal keyed on and off. 

9. Mark signal keyed on and off, space signal keyed on and 
off*Hnark signal present when space signal is absent and vice 
versa. 

10. Mark signal keyed on and off, space signal keyed on 
and off— mark and Space signal present and absent 
simultaneously. 

Th0iampsi I>Sl and Di^ isdi«ate the state of two gated 

ampIlHers. They arc exfingaished when the amplifiers are in 
the stop mode, and illuminated when the amplifiers are in the 
amplify mode. The keying selector switch (S2) connects the 
keying logic input to either the internal keying generator or 
the extiEsrria} keying input jack. Hre power distribution circuits 
provide minus 12 volts DC, minus 3.6 volts DC regulated, and 
minus 8.2 volts DC regulated to the various circuits. 

Circuit Description 

The majority of the circuitry is assembled on three 3" x 4" 
homemade component boards. The mark and space 
oscillators (Fig. 15-16) are contained on one of the boards 
(CBl), the gated amplifiers and lamp drivers (Fig. 15-17) on 
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Fig. 15-15. Block diagram of RTTY tone generator. 



another (CB2), and the power distribution and keying circuits 
(Fig. 15-18) on the third (CBS). The complete RTTY Tone 
Generator is shown schematically in Fig. 15-19. 

The mark and space oscillators are conventional LC 
oscillators designed so that their operating frequencies are 
essentially independent of transistor case temperature. The 
two inductors (LI and L2) are the usual 88-mh loading coils. 
Capacitors Cl through C6 are mylar dielectric units having a 
plus or minus 10 percent capacitance tolerance. Do not use 
ceramic capacitors in any of the frequency determining 
networks: ceramics are both temperature and voltage sen- 
sitive (Fig. 15-20). Turns are removed from Ll and L2 to ad- 
just osdllstor frequencies to 2125 Hz and 2975 Hz respec- 
tively. This will be discussed later in the final adjustments. 
The capacitor values specified should resonate with any of the 
available 88-mh inducators. 

The mark and space gated amplifier and lamp driver 
channels are identical. The mark signal from R9 is fed to one 
input of a two-input NAND gate. ICl is a dual two-input NAND 
gate. Potentiometer Rll biases this input (pin 5 of ICl) so that 
the gate can operate as a linear amplifier. The amplified mark 
signal appears at pin 6 of the gate as long as pin 3 is at or near 
minus 3.6 volts DC. When pin 3 of the gate is at or near ground, 
pin 6 of the gate is essentially connected to pin 4 of the gate and 
the mark signal output at pin 6 disappears. The two-input logic 
gate thus provides a convenient means for switching (or 
gating) and amplifying the mark signal. The space channel 
functions in exactly the same manner, utilizing the two-input 
gate associated with plug 1, 2, and 7 of ICl. 

When terminal 6 of CB2 is at or near ground potential, the 
mark signal output from ICl is absent. Pin 3 of IC3 will also be 
at or near ground potential and the output of ICS (pin ,5) will be 
at or near minus 3.6 volts DC. This voltage drives Q3 into 
conduction, extinguishing DSl. The whole procedure is 
reversed when terminal 6 of CB2 is at or near minus 3.6 volts 
DC. The mark signal from ICl may be present (depending on 
the setting of R9), the output of ICS will be at or near ground 
potential, Q3 will not conduct, and DSl will illuminate. The 
space lamp driver channel (IC4, Q4, and DS2) functions in 
exactly the same manner, responding to keying signals at 
terminal 5 of CB2. ICS and IC4 are buffer amplifiers. Their sole 
ftinction is to isolate the lamp driver circuits from the keying 
signals and assure complete switching of Q3 and Q4. 

IC2 conditions the keying signal applied to terminal 14 of 
CB3. When the keying signal is at or near ground potential, 
terminal 17 of CBS is at or near minus 3.6 volts DC and t^- 
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Fig. 15-16. Oscillator component board. 2125 kHz mark 

section is on left. 

minal 16 is at or near ground potential. Conversely, when the 
keying input at terminal 14 i$ at or neaf minus 3.6 volts DC (or 

open circuited), terminal 17 is at or near ground potential and 
terminal 16 is at or near minus 3.6 volts DC. IC2 is a dual two- 
input gate operating as two inverters. Only one inverter is 
required to form the complementary outputs at terminals 16 
and 17, but two are used to provide complete standardization 
of the keying signal. 

One of the keying outputs is connected to terminal 15 and 
brought out to the front panel for use as an oscilloscope syn- 
chronizing signal. The keying mode switches (S3 and S4) 
select either of the two keying outputs, minus 3.6 volts DC or 
ground, and route the selected levels to the keying inputs of 
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CB2. Fig. 15-21 shows the presence or absence of the mark and 

space outputs with all possible keying S3 and S4 combinations. 

A third dual two-input gate (ICS) is connected as an 
astable multivibrator that forms the time-base for the internal 
keying signal. One of the primary requirements of the internal 
keying signal is that both halves of the cycle be of exactly the 
same time duration. If both sections of the gate were identical, 
if Cll and C12 were identical, if R18 and R19 were identical, 
and if the multivibrator were not connected to an external 
load, its output would be time-symmetrical and therefore 
suiiabit as the zero-bias mtemd keying signal. None of these 




Fig. 15-17. Amplifier and lamp-driver component board. 
The four large capacitors could be replaced with disc 
ceramics. 
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Fig. 15-18. Power distribution board. 



"IF" conditions are readily met in pracUqe.. Tliere i5» 
however, a simple solution to the problem. 

IC6 is a J-K flip-flop. Connected as shown, its output (pin 7 
in this case) changes state each time the input (pin 2) switches 
from 0 to minus 3.6 volts DC. When the input switches back to 0 
from minus 3.6 volts DC, the flip-flop does not change state. 
Bear in mind that 0 and minus 3.6 volts DC are only nominal 
values and that the flip-flop sense only HI (positive) to LO 
(less positive) transitions of tlie input signal. In each complete 
cycle of the multivibrator output, there is only one HI to LO 
transition. When the multivibrator output is connected to the 
flip-flop input, the flip-flop output changes state once for every 
complete cycle of the multivibrator output. The time duration 
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Fig. 15-19. Schematic of RTTY tone generator. 



of eacii half cycle of the flip-flop output is equal to the time 
duration of one complete cycle of the multiviliralor output. If 
the ilip-tiop output is used as the internal keying signal, then 
the internal keying signal is time-symmetriical regardless of 
how unsymmctrical the multivibrator output is. This is 
illustrated graphically in Fig. 15-22. The multivibrator must 
operate at 44 Hz to provide 22 Hz at the flip-flop output. 

The internal 22-Hz zero-bias Iceying signal from the output 
of IC6 is connected to switch S2. S2 selects either the internal 
or external keying signal and applies it to the keyit^ Jo^ 
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Fig. 15-20. Temperature effects upon frequency. 



input. Referring to Fig. 15-21, the internal keying signal has 
the same effect as alternately opening and grounding the 
keying input. When the internal keying signal is at or near zero 
volts, the "keying input grounded" columns apply. When the 
internal keying signal is at or near minus 3.6 volts DC, the 
"keying input open" columns apply. 

The minus 8.2 volts DC and minus 3.6 volts DC sources are 
derived from the 12 volts DC plus or minus 10 percent input by 
conventional sitrat zener didde regi;aat(irs. Use the redsl&r 
and zener diode values and tolerances ^ecified in the parts 
list. 
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Fig. 15-21. Mark and space outputs as functions of switch- 
es S3 and S4. 
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Integrated Circuit Data 

The intcf^rated circuits used are manufactured by Fair- 
cliild Semiconductor, 313 Fairchild Drive, Mountain View, 
California 94040, and are available through their distributors. 

These particular IC's are in a package with eight leads 
spaced on a 0.200" diameter e&t:le protruding from the bottom 
of the package. There is a flat spot on the outer circumference 
of the unit. This flat spot is adjacent to pin 8. The remaining 
pins are numbered counterclockwise looking at tlie top of the 
package. The ICs are designed for a 3.6 volts DC plus or minus 
10 percent supply (pin 8 positive, pin 4 negative). The 
manufacturer lists their operating temperature range as 15 to 
K degrees C. (Fig. 15-22) 

Component Boards 

Each of the three component boards is made from a 3" x 
4" X 3-32" piece of micarta or phenolic. Brass eyelets 0.087" 
O.D. X Vs" long are used for tie points. 

The brass eyelets are inserted into all of the No. 43 holes in 
the component boards from the component side. Make certain 
the eyelets are pushed all the way into the board, so that the 
eyelet head is against the surface of the board Turn the 
component board over, lay it on a piece of wood and tunnel out 
each of the protruding eyelet "barrels" with a few gentle taps 
of a hammer on a %" center punch. GC Electronics No. 7251 
eyelets and a %" punch identified as "PROTO 41" may be 
used. 

All wiring is done on the back of the component boards in 
point-to-point fashion with No. 22 AWG tinned bus^bar wire. 
Insert the wires through the eyelets and bend the ends of each 
wire over on the component side of the board to hold the wire 
in place. Clip each wire next to the eyelets on the component 
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Fig. 15-23. Oscillator and amplifier lamp-driver boards 
shown installed. The power distribution board is mounted 
on the other end of the chassis. 

side. Insert the components and solder each eyelet from the 
wiring side. Clipping off ttie excess component leads com- 
pletes the component board wiring. The leads of all the 
semiconductor components should be heat sinked during the 
soldering operation. 

Checkout and Adjustments 

After the construction phase is complete, two pairs of 
electrical adjustoients are required to place the unit in ser- 
vice; 

1. Rll and R12 must be set so that the gates operate as 
ampliliers. 

2. LI and L2 must be adjusted (turns removed) to set the 
exact mark and space operating frequencies. 

Connect a GOO-ohm (nominal) load and oscilloscope to J3 
and set Rll and R12 (on CB2) to the approximate center of 
their range. Apply power to the unit and check the minus 3.6 
and minus 8.2 voltage levels. Set the mark and space am- 
plitude controls (R9 and RIO) to aliottt iiiid-f ange and the AF 
ou^ut level control (R15) fully clockwise. 
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Place the mark keying selector switch (S4) to on and the 
space keying selector switch (S3) to off. DSl should be 
illuminated and DS2 extinguished. Set the mark amplifier bias 
by adjusting Rll for maximum amplitude of the mark signal 
as displayed on the oscilloscope. Maximum amplitude and 
minimum distortion occur simultaneously. 

Place the mark keying selector switch to off and the space 
keying selector switch to on. DSl should be extinguished and 
DS2 illuminated. Adjust R12 for maximum space signal 
amplitude as observed on the oscilloscope. 

Set the internal-external keying switch (82) to external. 
Key the unit at J 1 or J4 and check each of the possible keying 
combinations listed in Fig. 15-21. The responses of DSl and 
DS2 should follow the signal output. Place S2 to internal and 
observe that the internal keying signal keys the unit at about a 
22-Hz rate. The sync output signal at J2 should be a 22-Hz 
square wave at this time. This frequency has no particular 
significance other than being at about the same rate as the 
keying trequeiu-}' of a (io wpm speed machine. If it is too tar 
off, bring it in by changing the value of R18. Bear in mind that 
each different set of components will have its own frequency 
vs R18 characteristics. 

Because of the capacitor and inductor tolerances, it is 
extremely unlikely that the mark and space frequencies will 
be correct. The frequencies will probably be too low, but can 
be set to within a few cycles by removing turns from Ll and 
L2. Go easy here: it is a lot easier to keep on removing turns 
than it is to start adding them back. The frequencies may 
either be eompired ivith an aeeurate audio (or AFSK) 
oscillator or measured with a frequency counter. The mark 
signal should be at 2125 Hz and the space signal at 2975 Hz. 
Soldering iron heat conducted to Cl, C2, C4, or C5 will affect 
the oscillator frequencies. Frequency measurements should 
be made only after capacitor temperatures have 
stabilized. 
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Keyboard kcttoif , 37 

Keying, ini«ke>and>4»reale, 247 

Kirchoff's Uws, 238 
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Laws governing RTTY, 202 
Local copy, 116 
Local loop, 26 
Ifimitations, 203 
Logic circuits, 273 
Loop 

local, 26 

M 

MABKe^ag, 247 

Machines 

types, 23 
Magnetic reed relay, 140 
Ma^;nftic reed tone generator 

f rt.qucncy, 1 38 

friquency standards, 138 
Makc-and-break keying, 247 
Mark, 8 

Mereary-wetted kej^ttg r.day> 
Modes. 41 

Modes, «f>eHia«B. 90 
Monitor scope, i'92 

Motor noise reduction, 231 
Multi-section filters, 260 
Multiple-crystal filters, 244 

N 

NOR gate, 274 
Narrow shift, 204 
Network theory, 238 
Noise reduction, 231 
Novel AFSK oscillator, 145 

calibration, 148 

operation, 146 

0 

Operating 

AFSK, 41 

FSK, 32 

modes, 30 
Oscillator 

AFSK, 42 

FSK, 125 

novel AFSK, 145 

two-tone. 142 

P 

Phasing condenser, 244 

Printout, local, 39 
Printers, 11 

action, 38 

model 12, 12 

model 14, 13 

model 15. 13 

model 19, 13, 24, 48 

model 26, 12, 51 

model 28, 13 

model 31A, 13, 54 

model 401, 52 

motor action, 39 



operation, 25 
type*. 23 

BF bandpass Alters, 242 
RTTY 

art, 205 

autostart, 270 

control circuit, 175 

growth, 34 

interconnection* unit. 174 

receiving, 41 

■tation identification, 40 

transmitting, 4) 
Range adjustment, 232 
Reading tape.. 198 
Receiver 

tuning, 191 
Receiving, 41 
Receiving converter, 43 
Reception, 219 

weak signal, 225 
Reed, magnetic, 136 
Regenerative repeater, 293 
Regulations, 

FCG, 202 
Kelay 

magnetic reed, 140 
Repeater, regenerative, 293 
Resonant circuit discriminator, 249 

s 

Schmitt trigger, 235 
Scope indicator. 186 

Scope 

monitor. 192 

simple, 193 
Second detector. 221 
Selcal, 266 

adjustment, 289 

all-call, 284 

message light, 286 

operation, 282 

turn-oI{. 284 
Selective call (see Selcal) 
Shape fwctQr, 241 
Signal 

test, 45 

weak, 225 
Signals, 8 

Single side band, 134 
Solid-state RTTY system, 149 
Supliisticated tone generator. 305 

Space, 8 

Speed converter, 298 
Square wave inputs. 253 
Square 

rMtcwatfim, 2$4 
Stunt box, 295 

T 

TT63-A, 301 

TO (sec Terminal Units) 

TUZ terminal unit 



circuit description, 81 , 98 

completed unit, 90 

component arrangement, 100 

design, 81 

filters, 90 

power sc^t^Vi 11$ 

testing, 94 

transistors, 86 
Tape 

care, 198 

equipment, 24 

reading, 198 

repairs, 200 
Telegraphy, 33 
Teletype 

decoder, 266 

encoder, 270 
Terminal units, 66 

AFSK, 42 

all silicon transistor 

converter. 72 
designing. 101 
TUZ, 81 

transistorized converter. 70 
tube-type converter. 66 
using IC's, 78 

Test signal, 45 
Tctrfjdc 

characteristics, 177 
Tone 

equalization, 227 

generator, 305, 138 
Toroids, 250 
TransistorissAi^SKt 142 
Tsaoisiefdrised coinrtotet, 70 
TraiWmitter shift 

setting, 192 
Transmitting, 41 
Tube-type converter 

adjustments, 69 

crmstruetion, 68 
Tuner 

double-eye, 181 
Tuning adapter, 182 

croas pattern, 186 
Tuning 

mt^, 2S? 

indicator. 45 

receiver, 191 
Two- tone oscillator 

adjustment, 143 

circuit description, 143 

construction, 143 

u 

Unit wiring, 28 

W 

Waveforms , 103 

square wave, 253 

square wave restoration* 254 
Weak signal reception, 225 
Williams, John, 15 
Wiretess TTY, 39 
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